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Abstract
Primary Aging is a term used to describe the effects of the passage of time on the human body,
particularly after 50 years of age. The effects may be contained or reversed. Secondary Aging
describes the effects of a pathological process, commonly associated with the passage of time.
The effects are difficult to contain, cannot be reversed, and progress to death. The thesis
addresses two issues, namely can the two conditions be accurately differentiated by
neuropsychological tests, and are the effects of Primary Aging first observed in functions
commonly associated with the prefrontal cortex. The research technique is that of Real World
Research (Robson, 1993), using mostly clients of the author’s private practice, with volunteers
whose ages were greater than 59 years. After discussing the various theoretical positions
concerning prefrontal functions and the dysexecutive syndrome, the thesis addresses the evidence
that supports or queries the influence of primary aging on prefrontal functions. The general
consensus of authors is that the prefrontal cortex supports a wide range of brain systems by
reciprocal connections. It is emphasised that dysfunction in one part of a system remote from the
prefrontal cortex is capable of producing behaviour which suggests a disorder of the prefrontal
cortex. It is also emphasised that the prefrontal cortex is a system of connections, and three of
these critical circuits are described. Because one of the functions of the PFC is to activate
alternate circuits, the PFC system may be able to compensate for damage in one part of the
circuit, thus masking the effects of damage. It is proposed that white matter demyelination may
play a significant role in the process of disconnection between systems. Measures employed in
the research are detailed, and their use justified by systematic analyses of the relevant scores,
using the records of past clients of the practice. The research database comprised 184 new clients
and volunteers. Four main factors were extracted from the database of 14 test scores, namely
Verbal Working Memory, Non-verbal Working Memory, Inhibitory Process and Sensori-motor
Speed. The results of the primary aging group suggested a selective decrement in skills. On the
other hand, results of the secondary aging group clearly demonstrated global deficits, even when
a client showed no obvious symptoms of mild dementia. This distinction was clarified by
showing that primary aging effects were more similar to the effects of selective brain damage, as
in mild traumatic head injury, and that secondary aging effects were more similar to the effects of
a global pattern, as seen in clients with long-standing intellectual deficits. A battery of twelve
tests employed demonstrated 100 percent discrimination between the clients assigned to the
primary aging group and those assigned to the secondary aging group.
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CHAPTER ONE: GERIATRIC NEUROPSYCHOLOGY
Growing, and growing old, have much in common. Each infers a process of change. One
may say the same with regard to the human brain. This process of change is the object of this
study, with the emphasis primarily on the change that accompanies the latter term, growing
old. In particular, the emphasis will be on the specialty which has become known as
“geriatric neuropsychology”.
1.1 The concept of aging.
The concept of aging is a source of confusion, since the term can apply to a number of quite
different processes and stages. For example, the term age principally applies to a passage of
time, and aging in that context is to be measured in terms of elapsed time since birth. In
trying to relate behaviour of individuals to elapsed time, researchers are inclined to see age in
years as synonymous with development, maturation or involution so that an individual at age
80 years should function in a manner that is similar to a stereotype of the 80-year-old group
of subjects. It has been well documented that chronological age, or elapsed time, does not
correlate at all well with measures of deterioration - a person of age 60 may perform more
poorly on a measure than the normal group of subjects of 85 years, depending on the
underlying causes of the individual’s condition. On the other hand, the term involution is
more appropriate than aging, since involution has been defined in medical terms as “the
progressive degeneration occurring naturally with advancing age, resulting in shrivelling of
organs or tissues” (Miller, 1978). Involution may occur at an earlier age, or at a later age.
Age, as expressed in the term aged, may communicate to some people the impression of
deteriorated, a condition that is observed when studying any particular cohort of older
persons. It would be incorrect to label all who have reached a more advanced chronological
age as bearing the stigma of deterioration for that reason alone. In geriatric
neuropsychology, the emphasis should be placed on the relative decline in the performance of
the individual irrespective of chronological age, and to relate that decline to the sufferer’s
brain condition, not to the concept of age as such.
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Aging again may imply a different connotation. Here the emphasis in the term is placed on
an observed process that may or may not be related to chronological age. For example, the
victim of Down’s Syndrome may, at age 30 years, show evidence of aging such as neuritic
plaques and neurofibrillary tangles that is similar to that seen in much older normal subjects
(Albert, 1988). All humans who continue to survive will show evidence of brain dysfunction
at some time, perhaps as a result of a metabolic disorder, or small strokes, without for that
reason being labelled aging (Birren & Schroots, 1996). Rather, the older generation subjects
may show a normal life process whereas the Down’s Syndrome subjects show a pathological
life process.
In the introduction to their book on geriatric neuropsychology, Albert and Moss (1988) drew
attention to the variations in nomenclature, and declared that researchers were less interested
in the passage of time as they are in the changes that occur in functions over time. However,
in their opinion, “to date, no-one has constructed a single or multiple measure that predicts
performance on a physiological or psychological test better than chronological age “(p 5).
The terms age, aging, and aged are not interchangeable. To meet this challenge, Busse
(1969) had proposed two categories into which people of more advanced years may be
allocated. Subsequently, a third was proposed to categorize those who suffer precipitous
decline.
Primary Aging: This category applies to all subjects above the age of 50 years who
show many of those deficits associated with the process of aging but who continue to
live normal lives, albeit in a more restrictive environment, but who do not show any
signs of terminal deterioration.
Secondary Aging: This category applies to those individuals above the age of 50
years who show those symptoms of irreversible decline in brain functions, a decline
that will eventually be terminated by death as a result of the condition.
Tertiary Aging: This category applies specifically to those unfortunate victims who
deteriorate rapidly to termination of life as a result of a pathological condition. The
difference between secondary and tertiary aging is exemplified in the study by Greene
et al. (1999), who have described the unusually rapid deterioration of their patient
from a relatively normal condition to death.
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Variations in forms of support and treatment will occur and depend on the category to which
the subject is assigned. Treatments appropriate for those in the Primary Aging category
involve using equipment, medications, or activities that can reverse the more discomforting
of the symptoms. This could take the form of hearing aids for those with hearing deficits,
appropriate medication for the relief of arthritis, or a variation in lifestyle in order to maintain
physical fitness and mental alertness. Benefits may also follow from more frequent
intellectual activities such as playing chess, draughts, or solving crossword puzzles. Greater
social activity with others would also be appropriate. Treatments appropriate for those in the
Secondary Aging category would be intended to relieve pain, to soften the trauma of
approaching death, and to prolong the period of general social activity and physical mobility
prior to the onset of Tertiary Aging. Treatment appropriate for those in the Tertiary Aging
category would be palliative rather than remedial.
In these varieties of aging, the practitioner of geriatric neuropsychology would provide useful
information about the allocation, to a category, of each individual at any time, give general
advice about the type of treatments that are most appropriate for the individual, evaluate the
efficacy of those treatments over time, and provide counselling for both the individual and
the various carers who may be involved. For example, the aged patient in a hospital general
ward may be acting in ways that are discomforting to other patients, and may be viewed as
abnormal by the nursing staff. If the assessment revealed that the troubled patient was still to
be considered “normal”, then that would indicate remedial treatments and/or imposed
discipline as most appropriate. On the other hand, if the troubled patient gives evidence
consistent with a fronto-temporal form of dementia on assessment, then the prescribed
treatments will be different, and both the relatives of the patient, and the staff of the hospital,
may need counselling about the effects of the condition now and in the future.
1.2

Methodologies in research on age-related issues.

The most common method of research into the issues associated with aging is one of crosssectional studies. By this method, the instruments employed are applied to individuals from
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different age groups and suffering different conditions, to evaluate what effects age and
condition appear to have on the scores obtained using the instruments. There are a number of
limitations associated with a cross-sectional research methodology, since different age
generations come from different educational and social backgrounds. There is no certainty
that the age-equivalent control subjects employed have backgrounds comparable to those of
the experimental groups. Often, issues of alcohol ingestion and other drug-related factors
cannot be controlled by methods of subject selection. In addition, baseline data have an
effect on the norms that are established. For example, Sliwinski, Lipton, Buschke, and
Stewart (1996) have demonstrated the effects of a pre-clinical dementia on estimates of
normal cognitive function in the aged. They used a retrospective procedure, eliminating
subjects who had developed clinical dementia, and compared the norms obtained after the
elimination of these subjects from the results. They found that, by eliminating those who had
developed clinical dementia, conventional normative studies had overestimated the effects of
age on cognitive measures.
It was considered that longitudinal studies would meet most of these objections. In
longitudinal studies, the researcher studies the same cohort of subjects over a long period of
time, and seeks to evaluate what changes in performance occur as a result of the passage of
time. While solving some of the problems associated with cross-sectional studies, the
longitudinal method is difficult to employ, especially in simple practitioner research, suffers
from the effects of subjects who drop-out between assessments, and creates problems for
assessment such as test familiarity and the practice effect. The clinical practitioner will
frequently want to re-assess a subject after a suitable period to determine the effects of the
passage of time in terms of involution, or the favourable or unfavourable effects of treatment,
or an intervening illness, or merely to evaluate the reliability of the instruments used. One of
the problems for the clinical practitioner is that the assessed subjects are rarely referred for
re-assessment over time, and the practitioner does not have the financial resources to ensure
re-assessment. Usually, the cost of the original assessment is borne by the subject assessed,
whereas in a longitudinal study, the practitioner would be required to provide re-assessment
at no cost to the subject. In the present research, the cross-sectional procedure was employed.
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A further qualification needs to be made. The technique to be employed in this study was of
the form called “Real World Research” (RWR). RWR is an attempt to relate academic
research methods to the real world of a clinical psychological practice. This study is based
on thirty years of personal experience in the field of psychological assessment, as well as on
the methods and controls used in academic research. In his book “Real World Research”,
Robson (1993) differentiates this type of research from academic research on a number of
different dimensions (pp 11-12). He saw RWR as placing slightly different emphases,
solving problems rather than just gaining knowledge; predicting effects rather than finding
causes; obtaining robust results rather than statistical significance alone; developing
programmes and interventions rather than developing and testing theories; using outside
organisations in the field rather than research institutions in a laboratory; and is often
“generalist” in orientation rather then “specialist” in discipline. This is a good description of
the conditions under which this study was conducted. This researcher had developed a
programme that is specific to the general field of brain functions and functional disorder. The
participants have been drawn primarily from the clientele of the practice, most of whom had
been referred for assessment to clarify the nature of a disorder or problem, and to suggest
solutions to be considered. A smaller group of enlisted volunteers from the general
community provided a reasonable comparison group as controls. The selection of subjects
was made primarily from clients referred to the practice for a wide variety of assessments and
judgments. The general fields of disorder involved brain dysfunction as a result of some
insult occasioned by birth or congenital problems, illness that compromises brain functions,
stressful experiences that cause transient or permanent dysfunction, accidents that traumatise
the brain, and life conditions such as increasing age that lead to the deterioration of brain
systems. The other fields were related to lifestyle choices, such as career direction and
educational decisions.
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CHAPTER TWO - EVOLUTION, DEVELOPMENT, MATURATION AND
INVOLUTION
The human brain was not “created de novo”, but rather the primitive nervous system has
changed over the millennia to form the complex structure of the human central nervous
system. It is useful to summarise some of the salient points in the theories of evolution as the
starting point for the description of brain-behaviour relationships. For instance, one cannot
fully appreciate the inter-relationship of human survival emotions, sub-conscious memories,
communication, and behaviour without some understanding of how these brain processes
have developed with the evolution of new brain structures over time.
2.1

Evolution.

Researchers in the area of neuropsychological functions have more recently promoted an
examination of evolutionary brain development for a better understanding of current brain
functions (Fuster, 1997; Goldberg, 2001; Jaynes, 1990; Joseph, 1996; Sugarman, 2001). In
brief, these have identified the late development of the prefrontal cortex in phylogenetic
terms. All of them identify this part of the brain as distinguishing homo sapiens sapiens from
other forms of vertebrate life. They perceive the prefrontal system as enabling the
development of self-awareness, and the processes associated with internal speech, moral
values, and self-control.
It has been demonstrated that more complex adaptation to environmental challenges was
made possible as the central brain systems expanded outwards, with new layers laid over the
older layers of neurons and axons (Joseph, 1996; MacLean, 1990). According to these
researchers, the primary functions of the brain stem expanded to produce the outer systems
such as thalamus, striatum, and neocortex. Each new system expanded the memory capacity
of the organism. The current zenith of this process was to be seen in the development of
parallel cortical hemispheres, which originally may have represented twin systems
performing the same functions. However, with this pressure for further expansion, came the
development of hemisphere specialisation, so that one hemisphere remained primarily
concerned for the basic processes necessary for survival such as visual integration, response
to novelty, and emotional valence, while the other
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hemisphere became more involved with the creation, storage, and retrieval of familiar
systems, language, and other forms of complex communication (Goldberg, 2001).
In tandem with the development of more effective means for communication came also the
greater need for interaction with others of the same human species, and the development of
systems that enabled self-control. This was achieved through a process commonly referred to
as reflection, through which the inner representations of outward reality may be evaluated
and decisions made, decisions to act, or not to act.
Luria (1973) was one of the first to identify this complex process, which he termed “the unit
for programming, regulation and verification of activity” (p 79). Under these conditions, the
process now described as memory became functionally much more important. According to
Sherry and Schacter (1987), evolution determined the development of multiple memory
systems. Memory systems, with specialised functions that could not be handled by another
more general memory system, have evolved. Primitive memory was able to function with a
single underlying system, was primarily responsible for determining survival behaviours,
both positive and negative, and was appropriate for routinised procedures related to satisfying
appetites. However, the development of multiple memory systems permitted reflection on
experience, enabled the development of concepts and general principles and led to the more
accurate determination of immediate and longer-term consequences. Memory became not
only the repository of past experience but also the means whereby the environment and the
self came increasingly under the control of the brain. The research implies that the
sophisticated homo sapiens was not only capable of recalling past experiences, but was able
to reflect on these experiences in order to make judgments about current, and future events,
within the sequence of time, making predictions about consequences, and evaluating
alternatives. Thus human memory could be said to have refined on-going behaviour, made it
possible to establish short-term and long-term goals, and enabled a disciplined organisation
of the body to attain those goals. The future which, to the more primitive primates, was
virtually beyond knowledge, was now becoming a predictable and controllable reality.
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Development.

Piaget (1973) identified various stages of child development, stages that parallel the
extension of the connections between the prefrontal cortex and other brain systems. Thus,
what is meaningful to a child of greater maturity is largely meaningless to a child at an earlier
stage. In his description of the development of intelligence, he stressed the primacy of the
concept of what he termed the equilibration of self-regulation. The description he provided is
compatible with the view that mature intelligence requires a fully functioning prefrontal
cortex. This description seems to link intellectual processes with prefrontal cortex functions.
The more recent exposition of this concept is found in the papers of Duncan and colleagues
(Duncan, Emslie, & Williams, 1996; Duncan, Johnson, Swales, & Freer, 1997). The general
thrust of these researchers is to produce evidence supporting the view that executive function
may be best represented within the Spearman (1946) concept of g, and perhaps even more
specifically to the Cattell (1971) concept of fluid intelligence.
In a parallel fashion, Kohlberg (1984) postulated a theory relating to moral and social
development. His theory of development places a heavy emphasis on the organisation of
wholes or systems of internal relations that is further modified by interaction between the
structure of the organism and the structure of the environment. Kohlberg's description of
maturation could be described as representing the interaction of a developing prefrontal
cortex with an expanding memory capacity. The achievement of these stages of social and
moral development depends not only on greater length of exposure to experience (learning)
but also on the achievement of an appropriate stage of brain development, enabling an
expanding storage of information, and a more effective inhibition of behaviour based on the
ability to anticipate the future. This description is consistent with the development of
prefrontal systems that continue to develop through childhood and into maturity (Fuster,
1997).
Such theoretical observations on brain development relate two life processes - the evolution
of expanding neural structures for homo sapiens sapiens, and the development of widely
interconnected systems within the individual brain. Whereas evolutionary theory points to
the prefrontal cortex as the last neural structure to develop, neuropsychological research
implies that the functions of the prefrontal cortex are the
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last to fully develop. Full development means optimal connectivity between the prefrontal
cortex and the other cortical, subcortical and brain stem systems. The significance of
connections within the brain continues to challenge research. The connections may be
through the extension of white matter fibres and synapses, or through the interaction between
neurons and neurotransmitter substances. Maguire, Vargha-Khadem and Mishkin (2001)
concluded that, after close study of hippocampal activities through functional Magnetic
Resonance Imaging (fMRI), retrieval of memories was closely related to effective
connectivity between brain regions. These researchers compared the memory retrieval
functions of a 22 year-old patient with bilateral hippocampal pathology to the functions of
each of six healthy controls. The results of the study indicated that although the patient
showed activation within the same network of brain regions as the controls, there were
significant differences in hippocampal-cortical connectivity.
Small, Nava, Perera, DeLaPaz, Mayeux, and Stern (2001) used fMRI studies to demonstrate
the existence of hippocampal circuits that underlie memory retrieval. Murre, Graham, and
Hodges (2001) used the cognitive performance of patients with semantic dementia to support
the view that memory consolidation was dependent upon interconnections between the
hippocampus and the neocortex. Grady, Furey, Pietrini, Horwitz, and Rapoport (2001)
studied patients in an early stage of Alzheimer’s Disease, and demonstrated that the memory
of these patients for unfamiliar faces was adversely affected by a reduction in the functional
connectivity of the right prefrontal cortex with other areas such as the right hippocampus, and
the visual cortices. Schoenbaum, Chiba, and Gallagher (1999), examined the neuronal
activity of orbitofrontal cortex and basolateral amygdala to show that these two centres
cooperate to encode new learning, which may then be used to guide goal-directed behaviour.
Since human brain development after birth is essentially the process of establishing more
complex structural and chemical connections between brain systems, the achievement of
optimal connectivity could equally be termed maturity. The concept of cortical and
subcortical circuitry will be further examined in the next chapter.
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Maturity, Wisdom and Involution.

It would seem to follow from the above review that the attainment of what is regarded as
maturity for the individual requires the development of highly complex connections between
the brain stem, mid-brain and associated structures, the association cortices and the prefrontal
cortex, through the circuits of the limbic systems. Failure in such development will lead to a
deficit in intellectual development, and intellectual immaturity, or irresponsibility in social
integration, and social immaturity. Several studies support this general concept. In one, two
patients who had suffered prefrontal damage early in life and who subsequently came to
psychiatric attention because of severely aberrant behaviour, were assessed on a battery of
developmental psychology paradigms as having a social and moral development which had
been arrested at an early age (Price, Daffner, Stowe, & Mesulam, 1990). In another study,
Anderson, Bechara, Damasio, Tranel, and Damasio (1999) studied two patients who had
suffered early prefrontal cortex lesions, and observed that these two patients had the same
impaired social behaviour as patients who had suffered lesions when adults. The difference
between the early onset and late onset damage was the observation that the early onset
patients had also impaired social and moral reasoning. The researchers argued that the two
had not acquired the more refined complex social conventions and moral rules which adult
onset patients had acquired before their injury. In another study, Le Duc, Herron, Greenberg,
Eslinger, and Grattan (1999) examined the process of social awareness in two groups. One
group of five patients had confirmed orbital frontal lobe damage, while the other group of six
patients had suffered damage restricted to the posterior ventromedial frontal lobe. Whereas
the orbital frontal group had difficulty estimating their degree of social and emotional
competence, the other group had no such difficulty. The authors concluded that the orbital
frontal lobe plays a role in monitoring social awareness. In another more recent study,
Couper, Jacobs, and Anderson (2002) studied 16 children with focal prefrontal lesions and 12
age-matched controls on measures of adaptive behaviour and moral maturity. Using two
measures, the Vineland Adaptive Behaviour Scales and the Socio-moral Reflection Measure,
the researchers claim that the results support the view that prefrontal-lobe dysfunction is
strongly associated with impaired social adjustment and with lower moral maturity.
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While it is difficult to draw general conclusions about morality, social adjustment and
prefrontal cortex functions, there would appear to be sound reasons for accepting that damage
affecting prefrontal functions may lead to poorer levels of social adjustment and more limited
moral maturity, on the basis of these studies. Damasio, in his study of subjects who appeared
to lack in, or lose, social responsibility, has described this process as follows (1994):
In this model, any level of meaning is seen as the result of the synchronous evocation
of many separate cognitive components whose ensemble defines entities and events
based on their constituent features. The model posits that the co-evocations are the
consequence of synchronously activating numerous anatomically separate regions in
association cortices. The synchronous activations occur in early cortices that contain
the neural inscriptions of component representations and are directed by feedback
projections from convergent zones located over multiple cortical regions
(interconnected both hierarchically and heterarchically). Because there is no single
neuroanatomic region that holds the integrated “image” of a polysensory-based set of
events, meaning is critically dependent on timing. Because implied meanings require
a far larger set of components for their definition than manifest meanings do, the
problem of synchronisation and subsequent attention looms larger. In short, from this
perspective, the response selections required for appropriate decision making in social
cognition and equivalent realms necessitates the holding “on line”, for long periods of
time (in the order of several thousand milliseconds) highly heterogeneous sets of
cognitive components that must be attended effectively if a choice is to be made. ... It
should be noted that the defect, in the operations we posit, is related to frontal cortical
dysfunction; and also, that the frontal cortices have long been presumed to be critical
for neural operations in which responses to stimuli must be effected after a delay (p
219).
Such a complex pattern of brain activity seems possible only when the brain has matured to
its potential. This, in turn, implies that such maturity may only be attained when the
prefrontal cortices have completed their optimal connectivity. This could be significant in the
debate over the relationship between intelligence and wisdom.
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Birren and Schroots (1996) describe wisdom as traditionally including formal knowledge, as
well as moral behaviour, and being aware of what one does not know.
Recent research on wisdom-related tasks by Baltes and his colleagues ... shows that
older adults are among the top performers. However, whether wisdom actually
appears depends on a person’s life experience, motivation and personal resources.
Thus, not only expanded knowledge is involved in wisdom, but also personality, the
second domain in primary aging (p 11).
The expression of wisdom may imply a dynamic balance between stored knowledge, access
to that knowledge, accurate prediction of consequences, and stable processes of inhibitory
control. Research into such a dynamic balance may well determine the neuropsychological
basis for the difference between intelligence, wisdom, and involution on the general grounds
that intelligence represents developmental brain process which is the expansion of knowledge
and experience, wisdom represents maturity which is the maintenance of a stable balance
between optimal system connectivity and neuronal degeneration, while age related
deterioration reflects the involutional process which is the gradual dominance of the effects
of neuronal degeneration, a deterioration in adaptive ability, in speed of response, in adequate
access to knowledge, in accurate prediction, and in stable inhibitory control.
2.4

The functions of the prefrontal cortex

All of the above studies have highlighted the view that maturity is attained when the
development of the prefrontal cortex has peaked, and before the effects of neuronal loss have
become dominant in brain function. Many researchers (Craik & Grady, 2002; Fuster, 1997;
Goldberg, 2001; Haaland, Price, & Larue, 2003; Shimamura & Jurica, 1994; West, 1996;
West, Murphy, Armilia, Craik, & Stuss, 2002) have concluded that the most significant, and
probably the earliest, signs of involution will be observed within the structures associated
with the prefrontal cortex. More recent research by Bartzokis, Cummings, Sultzer,
Henderson, Nuerchterlein & Mintz (2003) has concentrated attention on white matter within
the frontal areas of the brain. Using MRI scan investigations, and calculating the transverse
relaxation rate (R2) as a measure of the expansion of white matter volume, these researchers
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have traced the development and decrement of this connective material over time. According
to their calculations, the volume expands to a maximal reading in the fifth decade of life, then
declines markedly with increasing age thereafter. According to this group, the increase in
volume results from the gradual establishment of myelin sheathing, followed by a period of
“middle age”, and finally by the gradual loss of myelin.
This critical area of complex brain systems will now be examined in more detail, since there
may be grounds for reviewing such a general conclusion.
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CHAPTER THREE - THE NEUROPSYCHOLOGY OF THE PREFRONTAL
CORTEX
3.1

Prefrontal lobe function

The unique characteristics associated with prefrontal lobe function became very obvious with
the publication by Harlow (1868) of the changes seen in his patient Phineas Gage. However,
Nathan (1969) stated that for some eighty years after that, the relation of prefrontal lobe
function to personality had not been fully appreciated. “Most neurological textbooks merely
stated that the prefrontal lobes have to do with man’s intellectual attainments” (p. 358).
Denny-Brown (1969) made reference to the works of Harlow (1868), Bianchi (1922), and
Kluver and Bucy (1939) prior to the War, and to the extensive literature after the War. The
purpose of his review was to come to some conclusions about the meaning of the changes
resulting from prefrontal lobe lesions. He was inclined to the view that there was an
“emotional defect”. One of his conclusions is apposite to this research, and will be quoted in
full.
The function of the cerebral cortex in general is concerned with projected sense data.
The failure in reaction following prefrontal lobe lesion appears to us to be the absence
of a normally predictable stimulus the properties of which should ultimately be
accurately definable. Immediate consequences usually produce immediate reaction,
especially if they are habitual, but it is the reaction to the projection of the
consequences in space and time that appears to be at fault. The whole future setting,
or Gestalt, fails to resolve as a stimulus for an act. The thought may sometimes be
formed, but appears then to be arrived at by means other than visualization. The
motor effect, as well as the thought, fails to resolve, and it is in behaviour that the
defect is most manifest and most objectively studied. (p. 402)
While Denny-Brown is obviously emphasising the character and personality defect following
prefrontal lobe lesion, he is also indicating that there has been a “loss of gestalt” that involves
the appreciation by the victim of consequences in terms of space and time. This concept of a
projection into the future is critical in understanding the functions of the prefrontal cortex.
Since there can be no meaningful projection of consequences into the future without an
organised recall of memory for past experience, there must be a very strong interaction
between prefrontal organisation and temporal lobe response.
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The following chapter will review the broad area of memory research in an attempt to clarify
this relationship.
The concept of the human brain’s capacity for projection into the future had previously been
proposed by the philosopher, Bergson (Denny-Brown, 1969). His philosophy of memory
was widely accepted for a time, and he considered that the role of memory was to direct
human thought into the future. No doubt this philosophy was reached by introspection, and
there was no understanding of the functions of the prefrontal cortex until more extensive
publication of the effects of injury, surgery, and on research of the living brain. The studies of
neuropsychologists in Russia, and researchers in Europe and America, soon began to
formulate an image of the active, organising, predicting, and adapting functions of the
prefrontal lobe systems. Luria (1973) prepared an introduction to neuropsychology in which
he proposed a description of frontal lobe function based on the effects of injury and surgery
on test and natural behaviour, enhanced by the new science of electroencephalography. He
stated that the “prefrontal zones ... are thus superposed not only over the secondary zones of
the motor cortex, but also, in fact, over all the other formations of the brain” (p.187). The
cellular structure and the wealth of interconnections within the frontal systems enabled the
functions to regulate vigilance, and to control the most complex forms of the human’s goallinked activity. He emphasised the importance of these systems for the initiation and
sustaining of behaviour patterns associated with expectancy patterns, and especially in terms
of controlling subsequent conscious behaviour. He indicated that these functions also
regulated mnestic and intellectual actions. He emphasised that this was achieved primarily
through the activation of speech mechanisms. He described the numerous behavioural
complications seen in patients with extensive prefrontal lobe damage, and frequently
associated this behaviour with the behaviour observed in animals with specific surgical
extirpations. Significant damage to frontal systems prevented the victim from adapting
behaviour in a meaningful pattern to the demands of the environment, and to the challenges
of complex thinking. It must be emphasised that Luria placed a high premium on the
concepts of regulation, on adaptation, and on goal-prediction. Prominent early European
researchers such as Denny-Brown and American researchers such as Pribram have expanded
the knowledge base. The latter had begun to trace the relationship between the prefrontal
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cortex and emotional expression. He pointed to the two streams of research that indicated
that the prefrontal cortices contributed to the meaningful registration of inputs, and to the
protection of the organisms’ recall mechanism against interference. He considered that the
research had suggested that the frontal and mediobasal portions of the forebrain inhibit
afferent inhibitory processes (Pribram, 1969). The concept of the inhibitory function of the
prefrontal cortex has become much more significant, both in terms of the human’s capacity to
add emotional valence to the consequences of behaviour, and the capacity to make
behavioural choices that involve the inhibition of expressive behaviour in the event of
negative valence.
The Damasios have also gone to considerable effort to expand the concept of prefrontal
systems. A previous quotation of A. Damasio has expressed that researcher’s summary of the
functions of the prefrontal cortex. In his book, Descartes’ Error (1994), Damasio explored
the implications of this concept to personal and social behaviour, with particular emphasis on
those examples in which the human subject appears to have lost the sense of social
responsibility with the accompanying lack of personal insight into the adverse consequences
of such behaviour. Again, the concept of appreciating the effects of behaviour in terms of
future consequences, and the inhibition of behaviour following feedback of foreseen adverse
effects, become vital features in the description of prefrontal lobe function. The theme is
pursued also by Shimamura. At a recent conference in Port Macquarie, NSW, he dealt in
detail with the biography of Eadweard Muybridge (Shimamura, 2002). Muybridge was used
by Shimamura as a typical model of the neuropsychology of emotional control deficits, a
person with deficient moral responsibility but with a remarkably intact creative capacity in
landscape photography and in animal motion photography. Shimamura described frontal
lobe function as dynamic filtering, with two main dimensions: Back-front interaction,
selecting and inhibiting sensory data; and Bottom-up and Top-down interaction, evaluating
both input data and output behaviour. Executive control of these processes is achieved
through maintaining and manipulating the contents of working memory. Thus, the
integrating process of a “working memory” becomes an over-riding feature of frontal lobe
system function in the most recent theories.
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Baddeley (1990) and his colleagues have been primarily responsible for developing the
concept of working memory. Working memory has become significant for understanding the
functions of the prefrontal cortex, and will be dealt with in more detail in the following
chapter of this document. Fuster (1997) has used this concept in describing the functions of
the prefrontal cortex. However, in addition, he (along with Shimamura) has emphasised the
importance of the sequence across time, a concept that was implicit in above quotations from
Luria, Pribram and Denny-Brown. The prefrontal lobes not only initiate the recall of
information into working memory, but also do so according to a strict time sequence. This is
a feature of a more recent memory concept, source memory, that is, being able to place
previous experiences into a given context within space and time, and its companion concept,
prospective memory, that is, being able to recall a memory, at an appropriate time, of an
action projected into a future time context. Fuster’s description of the essentials of prefrontal
lobe function is as follows:
Time, however, is the single most important attribute placing a complex and novel
sequence of behaviour under the physiological purview of the prefrontal cortex. Only
this part of the cerebral cortex can provide that temporal gestalt with the coherence
and coordination of actions that are essential for the organism to reach its goal. Both
coherence and coordination derive from the capacity of the prefrontal cortex to
organise actions in the time domain, which in my view is the most basic and essential
of all prefrontal functions (p 3).
It seems that the above quotation has expanded the earlier views of Denny-Brown quoted
above. The achievement of a behavioural Gestalt is something that would be impossible
without the integrating functions of the prefrontal cortex.
The function of the prefrontal cortex in human experience is closely tied to the concept
meaning. In this thesis, meaning applies to that situation in which the experience of a human
individual falls into the range of a familiar pattern laid down in memory circuits, such that
those parameters are clearly defined, the components are isolated and blended, and confident
predictions may be made. All this enables a decision to be proposed, a response pattern to be
prepared and appropriate behaviour initiated. It must also be understood that the appropriate
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behaviour may be the inhibition of any given set of potential behaviours. Following the lead
of the above researchers, it is proposed that the prefrontal systems initiate, organise, evaluate,
control and deliver those behaviours, overt or covert, that have been determined as
appropriate. That is, the experience now has meaning. The individual may be consciously
aware of this complex process of thought, or largely unaware of the process. The discovery
of the meaning of events in our experience requires first bringing together the variety of
cognitive components (sensory and other memories) into an orchestra (after the models of
Pribram, Fuster and Goldberg). This model, using the analogy of musical performance,
proposes an orchestration of separate instruments represented by the functions of the
association cortices to produce its own brand of music. This harmonious expression is itself
capable of changing as a result of the feedback following the production of its individual
sounds, as observed in the musical process known as jazz improvisation. Secondly, this everevolving music is critically dependent on sequential variations over time and not on
individual sounds. This means that the improvisations demand the retention of very complex
sequences of conscious and unconscious information in time-dependent memory systems.
Some over-riding system, the conductor in the description of Goldberg (2001) or supervisory
attentional system in the description of Shallice (1988), must be available to provide the
integration of these patterned events against a predictive process based on valences (positive
or negative feedback). This over-riding system may then be capable of making the decision
as to what, in this complex of circumstances, is the most appropriate behavioural response,
that is whether to express or to inhibit the behaviour, and in an appropriate sequence.
Research has provided evidence that a deficiency in this complex process of organizing,
evaluating, and selecting is usually traceable to frontal cortical dysfunction (Craik & Grady,
2002; Damasio, 1994). Some further studies investigating the relationship between aging and
inhibitory control question the theory that decline in inhibitory control is a necessary feature
of increasing age, and the researchers are re-examining the theory of inhibitory deficit
(Burke, 1997; McDowd, 1997; Salthouse & Meinz, 1995). There is some evidence to
support the theory in research associated with the Stroop effect (West, 1996), though Shilling,
Chetwynd, and Rabbitt (2002) insist that the data to date refer only to the verbal/oral form of
the Stroop Test (Stroop, 1935). Shilling et al. do not question the issue that inhibition is a
function related to the prefrontal cortex, but rather propose that an alternative explanation for
measured decline in Stroop-like tasks may lie in the influence of fluid intelligence on test
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performance. It is important to consider the relationship between the Horn & Cattell concept
of fluid intelligence (Horn & Cattell, 1966) and increasing age. Fluid intelligence is largely
measured by having the subject examine a novel task, extract what appear to be the rules
intrinsic in the task, make a prediction concerning the outcome, evaluate alternatives, and
make the selection. It seems logical, on the basis of the type of functions performed by
frontal system circuits, that prefrontal functions and the functions that comprise fluid
intelligence will have much in common. If fluid intelligence declines with advancing age,
then this may well be due to the gradual deterioration in the aging subject’s ability to inhibit
extraneous distractions, the capacity to evaluate alternative responses, or the power to inhibit
an inappropriate response on those tasks that are said to measure fluid intelligence.
Neuroimaging studies have generally supported this view. Gunning-Dixon and Raz (2000),
in a neuroimaging study of hyperintensities (MRI) and hypodensities (CT) in asymptomatic
aging adults concluded that white matter abnormalities were associated with attenuated
performance on tasks of processing speed, immediate and delayed memory, executive
functions, and indices of global cognitive functioning. Cabeza, Anderson, Locantore, and
McIntosh (2002), reviewing Positron Emission Tomography and functional MRI studies,
concluded that prefrontal cortex activity tended to be less asymmetric in older than in
younger adults. They concluded that this change may help counteract age-related cognitive
decline. Tisserand et al. (2002) concluded from their study of MRI images that advancing
age was strongly associated with decreases in the volume of the whole prefrontal cortex.
Craik and Grady (2002) compared age-related memory loss and results of neuroimaging
studies, and concluded that age-related changes in the prefrontal cortical structure and
function are related to changes seen in memory performance. Rypma and D’Esposito (2000)
examined age-related changes in working memory and prefrontal activity using fMRI. They
concluded that age-related changes in the dorsolateral prefrontal cortices account for decline
in working memory with normal aging. Despite this evidence, the construct “prefrontal
function” or “central executive process” cannot be considered to be the exclusive property of
the prefrontal lobes, as Baddeley, Della Sala, Papagno, and Spinnler (1997) point out. These
researchers proposed a multicomponent central executive that is linked to, but not
coterminous with, the operation of the frontal lobes. Bartzokis et al. (2003), using the MRI
transverse relaxation rate of the frontal lobe white matter, reported that these systems
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became compromised by normal aging shortly after 38 years, and much more compromised
in the case of patients with Alzheimer’s Disease. It is necessary to pursue the concept of
frontal system circuits to integrate prefrontal lobe functions with other closely related brain
systems.
3.2

The concept of frontal system circuits

As emphasised previously, brain functions are essentially reciprocal connections between
systems of neurons in the central nervous system. The application of this concept to the
frontal lobes enables a clearer understanding of what is that process essential for central
executive function, feedback. Since all of the research confirms the over-riding influence of
the prefrontal cortex across a wide variety of brain systems, it follows that there should be
clearly prescribed circuits that are active in various processes. In this, the chapter by
McPherson and Cummings (1998) provides more definitive data. These researchers
identified three fronto-subcortical circuits that are thought to be most associated with
cognitive and behavioural functions, which they have described as follows:
1.

The Dorsolateral Prefrontal Circuit: This circuit originates in the convexity of

the frontal lobe (Brodmann’s areas 9 and 10), projects to the caudate, and connects the
caudate to the dorsomedial, globus pallidus interna, and rostral substantia nigra
through the direct pathway. Connections through the indirect pathway link the globus
pallidus externa to subthalamic nucleus, and back to the globus pallidus interna and
substantia nigra. Neurons of the globus pallidus interna and substantia nigra project
to the ventral anterior and medial dorsal thalamic nuclei, which in turn connect with
the dorsolateral prefrontal region.
2.

The Lateral Orbitofrontal Circuit: The lateral orbitofrontal circuit originates in

the inferolateral prefrontal cortex (Brodmann’s area 10) and projects primarily to the
ventromedial caudate nucleus. The direct pathway of this circuit begins in the caudate
region and projects to the dorsomedial pallidum and the rostromedial substantia nigra,
medial to the area receiving projections from the dorsolateral caudate. The globus
pallidus externa and subthalamic nucleus receive connections from the caudate and
project to the globus pallidus interna/substantia nigra forming the indirect pathway.
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Projection back to the orbitofrontal cortex occurs via pallidal and nigral
connections to medial portions of the ventral anterior and medial dorsal thalamic
nuclei.
3.

The Anterior Cingulate Circuit: This circuit begins in the cortex of the

anterior cingulate gyrus, also known as Brodmann’s area 24. Projections from the
anterior cingulate include the nucleus accumbens, olfactory tubercle and the
ventromedial portions of the caudate and putamen. Neurons from the hippocampus,
amygdala and entorhinal and peripheral cortices also project to this ventral striatal
area. Efferent connections exist between ventral striatum and ventral and rostrolateral
globus pallidus and rostrodorsal substantia nigra. Direct and indirect pathways have
not been identified but are thought likely to exist. Globus pallidus and substantia
nigra efferents project to specific regions of the medial dorsal nucleus of the thalamus
as well as to the ventral tegmental area, habenula, hypothalamus and amygdala.
Projections from medial dorsal thalamic neurons back to anterior cingulate cortex
complete the circuit (pp 21-22).
The authors state that, since these anatomical structures are so closely interconnected,
dysfunction in any one of them may produce behavioural and neuropsychological changes
similar to those observed with damage to the region of the prefrontal cortex to which they are
connected. Small et al. (2001) studied circuits within the hippocampal formation during
memory processing, using fMRI. In three studies, 24 participants viewed faces and heard
names in isolation, paired faces and names, and recalled names in response to cued faces.
They concluded that the evidence from their results pointed to the involvement of the
Anterior Cingulate Circuit (hippocampal) mechanisms that underlie memory encoding and
retrieval. Similarly, Schoenbaum, Chiba, and Gallagher (1999) concluded from the results of
an olfactory discrimination task, that they supported the concept of co-operation between the
basolateral amygdala and the orbitofrontal cortex in the encoding of information used to
guide goal-directed behaviour. Murre, Graham, and Hodges (2001) correlated findings from
patients with semantic dementia with current cognitive and computational models of human
long-term memory and amnesia. The authors addressed six issues: the relative preservation
of superordinate over subordinate semantic knowledge, the better recall of recent memories
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compared to remote, the preservation of new learning early in the disease process, the
interaction between autobiographical experience and semantic knowledge in the current time
period compared to the more remote, increased long-term forgetting of newly-learned
material, and impaired implicit memory. They concluded that recent findings from semantic
dementia offered strong support for the view that memory consolidation in humans is
dependent upon interactions between the hippocampal complex and the neocortex. These
conclusions are consistent with the interaction of limbic and prefrontal systems, representing
one circuit that is essential for memory performance and goal prediction. Salthouse (2000)
raised the issue of explaining the various adult age differences in cognitive abilities. He
maintained that any theory of aging must ultimately account for the negative relations of age
on a range of different cognitive variables, and additionally, account for the absence of
adverse age effects on other cognitive variables, such as crystallised intelligence. It could be
argued that these prefrontal circuits may be differentially affected by various age-related
conditions, with some circuits that function normally, and others that show evidence of slow
decrement. It would not follow that each individual at any given age will share the same type
of decrement with other individuals of the same age. Finally, it must be stated that
dysfunction applies equally to the effects of physical lesion and chemical lesion. A chemical
deficiency occasioned by lesion affecting dopamine producing cells in a remote part of the
circuit may lead to the development of a typical frontal lobe disorder (Andrewes, 2001;
Braver & Barch, 2002; Goldberg, Bilder, Hughes, Antin, & Mattis, 1989).
Greene and Dixon (2002) reviewed the beneficial impact of hormones such as oestrogen and
testosterone on cognitive function. Since hormone replacement therapy is a frequent method
of dealing with age-related deficits (Zec & Triveda, 2002), it follows that a natural reduction
in these hormones may be a contributor to deterioration in one of these frontal system
circuits. Some recent research has also implicated circuits involving the cerebellum as
significant for cognitive function, since damage in the cerebellum may also affect the
functions of the prefrontal cortex (Akshoomoff, Courchesne, Press, & Iraqui, 1992). Tanaka,
Harada, Arai, and Hirata (2003) reported the results of research into the effects of cortical
cerebellar atrophy, using both ERPs and neuropsychological tests. They found that, while
neuropsychological tests failed to reveal differences between the experimental and control
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groups in their study, the patients with early evidence of cortical cerebellar atrophy showed
evidence in the No Go P3 condition of low activation of frontal sources. They interpreted
these results as consistent with the view that the cerebellum contributes to frontal dysfunction
in the form of impairment of the inhibitory systems.
The general indication from these studies confirms that connections are just as critical for
determining functions as are focal centres. Even centres as distant as the cerebellum have an
influence on functions commonly ascribed to the prefrontal cortex.
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CHAPTER FOUR - MEMORY AND FRONTAL SYSTEM FUNCTION
4.1

The prefrontal cortex and working memory

The concept memory has been, and remains, one of the more contentious and confusing
issues in both academic and clinical psychology. As stated by Conway (1997), memory
researchers focus on specific aspects of memory rather than on how experience is
represented, retained, and reconstructed. Because memory enters into virtually all cognition,
Conway believes it is impossible to design cognitive models that view memory as a selfcontained cognitive facility.
It is a critical issue for neuropsychology, since it is difficult to identify a more universal brain
function than what is generally regarded as human memory. Not only is the concept difficult
to delineate, but also, the difference between the memory process in humans and the memory
process in other organisms is profound. It is likely that the latter difference, between humans
and non-human organisms, is explained in the human's ability to employ past experience as
an internal representation in order to predict future events with great accuracy. In presenting
this concept, Fuster (1997) states,
Most typically, the frontal patient, like the nonhuman primate with prefrontal lesion,
exhibits an impairment of active short-term memory, or working memory – also
called provisional memory. Working memory, however, can fail in many
pathological conditions of the brain. The reason why its failure is especially evident
and consistently found in the frontal patient is because that kind of memory is
necessary for all prospective actions, whether the action is a motor act, a mental
operation, or a piece of spoken language (p 157).
Fuster states that humans are able to enhance the effectiveness of this memory process
through language, thus enabling the negotiation of task delay. Animals generally lack this
function, though Goldberg (2001) has reported a gibbon that showed some improved facility
with task delay.
Thus, the relationship between the prefrontal cortex and those other brain systems involved in
developing internal representations becomes a critical issue in the examination of normal and

Aging and Prefrontal Functions

Page 25

pathological aging, since deterioration in memory processing, both in terms of speed and
accuracy and in terms of effectiveness, is commonly reported by human subjects who can
evaluate the effects of increasing age on their own feelings, thoughts and behaviour.
The history of memory studies clearly indicated how confused the process has been in the
minds of philosophers, real-world observers, and laboratory-based experimentalists.
Baddeley (1990) has given a brief resume of the developments in all these areas, and has set
out to refine the concept. For him, memory is not a unitary function, but is composed of at
least three separate systems. He has abandoned the more simplistic short-term/long-term
model, and proposed two approaches. The first was the model proposed by Craik and
Lockhart (1972), based on levels of processing and the second was his own approach, a
multi-component working memory system. The latter was intended to replace the concepts
of short-term store and short-term memory. The working memory concept has attracted a
great deal of enthusiastic support. The concept is very readily translated into the theory that
the prefrontal cortex is inextricably bound up with memory, memory as a process or memory
as a store. Baddeley distinguished between those processes in memory that are closely
related to sensory experience (the phonological loop and the visual sketchpad) and the
process that supervises and organises sensory processes. He described this supervising
system as the Central Executive. He especially noted how damage to the prefrontal cortex
disrupted the process of memory, and indicated that such a deficit should be titled a
dysexecutive syndrome (Baddeley, 1990).
From this position, it follows that the complex and reciprocal neural connections which are a
feature of the prefrontal cortex, and which virtually connect it to all other central nervous
systems, will provide the overall integrating process necessary for relating past, and current,
sensory experiences into an organised system for determining on-going behaviour and goaldirection.
For the purpose of this document, it is beyond the scope of the study to explore the wide
range of descriptive concepts used in memory research, such as episodic memory, source
memory, prospective memory, semantic memory, autobiographical memory, “feeling of
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knowing” memory, genetically-coded memory, implicit memory, declarative memory and
procedural memory. In this section, more attention has been paid to the proposals of Fuster
(1997), Baddeley (1990), Shimamura (2000), Damasio (1994), and Goldberg (2001) as they
apply the working memory concept to the functions of the prefrontal cortex. However,
concepts of acquisition, long-term storage, recall, and retrieval will be featured.
For Baddeley (1990), the central executive was responsible for sustaining attention and
enabling the simultaneous processing of dual tasks. He maintained that the Norman and
Shallice model provided a good account of the function of a central executive in his model of
working memory, and he presented experimental evidence in support of this claim from
studies involving random generation, chess playing, and driving.
Where Baddeley had proposed at least two sensory memories, Damasio (1994) has proposed
a memory system based on multi-modal representations of an event. In this proposal, an
event that is remembered is made up of a number of representations in the sensory cortex,
and recall is effected through a re-representation of those stored data. Patterns of synaptic
activity, called binding codes are time-locked, that is, bound into a sequence over time, to
maintain the details of the original representation, and different features of the representation
are recalled with the same spatial and temporal components. Memory recall implies linking
connections between disparate brain systems. Since the prefrontal cortex is the only cortical
system that has reciprocal connections to all parts of the brain, it follows that damage which
adversely affects the functions of the prefrontal cortex should also have a disruptive effect on
memory recall. Based on this reasoning, it is proposed here that the prefrontal cortex is
intrinsically involved with most if not all memory processing. Acting on data that show close
reciprocal connections with the various components of the limbic system, it is proposed here
that memories with emotional intensity that provide the negative or positive valence
associated with these representations, are also valid sensory memories. Damasio has further
proposed that some of the prefrontal circuits are responsible for the development and
maintenance of social priorities through emotional activation, quoting the studies of patient
EVR as described by Eslinger and Damasio (1985). These social priorities are evoked and
sustained by what Damasio calls a somatic marker “a signal that marks the ultimate
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consequences of the response option with a negative or positive somatic state” (Damasio,
Tranel, & Damasio, 1991). Damage to a critical pathway involving emotional memories will,
in turn, be reflected through the behaviour of the victim, which may take the form of an
unnatural indifference, or manic rage, or psychopathic behaviours. Goldberg, Bilder,
Hughes, Antin, and Mattis (1989) describe the change of character, from socially responsible
to morally irresponsible behaviour, in a person who had suffered a chemically-based
disconnection affecting the functions of the prefrontal cortex. In this matter, Price, Daffner,
Stowe, and Mesulam (1990) described the aberrant behaviour of two adult subjects who were
both victims of bilateral prefrontal damage very early in life. They concluded that such
damage provides the neurological substrate for a special type of learning disability in the
realms of insight, foresight, social judgment, empathy, and complex reasoning.
A similar theme is proposed by Shimamura (2000; 2002). This researcher has proposed a
type of involvement in which the prefrontal cortex provides dynamic filtering of ongoing
experience. Like Damasio, Shimamura also emphasised the prefrontal cortex role in
selecting, inhibiting and time sequencing memory and behaviour, maintaining and
manipulating the content of working memory, and selecting appropriate goal-directed
behaviour. Shimamura, Janowsky, and Squire (1991) concluded that the impairment of those
patients in their study, with clearly defined frontal lobe damage, differed markedly from that
observed in patients with damage to medial temporal lobe and diencephalic regions. They
described the impairment as revealing “deficits of planning, monitoring, organisation and
initiation” (p.192). Similarly, Gershberg and Shimamura (1995) demonstrated, in 12 patients
with confirmed frontal lobe lesions, deficits that implied a reduced use of strategies and
impaired free recall. These patients benefited from strategy instructions at either study or
test. These results suggested that memory recall was adversely affected by impairment in
organizing skills that require sound prefrontal functions.
A review of recent neuroimaging studies investigating prefrontal lobe activity and memory
formation, Buckner, Kelley, and Petersen (1999) concluded that the results of these studies
suggested that memory formation depends on the joint participation of frontal and medial
temporal lobe structures. In a comparative study using neuropsychological measures and
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MRI records, Haenninen, Hallikainen, Koivisto, and Partanen (1997) compared fMRI results
with results on four neuropsychological tests, Verbal Fluency, Modified Card Sort, Trail
Making and Stroop Colour/Word. Forty-three older subjects with age-associated memory
impairment were compared with 47 age-matched controls. There was no measurable
difference between the subjects with age-associated memory impairment and controls in
frontal lobe volume analyses. The subjects with age-associated memory impairment,
however, were impaired not only on memory tests but also on tests of executive functions.
They concluded that the results supported the hypothesis that prefrontal lobe dysfunction
played a central role in the memory loss of the elderly, even when radiological evidence was
not conclusive.
Recently, studies in theory of mind have indicated that prefrontal lobe dysfunction may
compromise the process of being able to represent, in one’s own thoughts, the thoughts and
feelings of others, a process which is essential for the development of social responsibility
and moral behaviour. Shallice (2001) related the presumed theory of mind process to
prefrontal cortex functions. Stuss, Gallup, and Alexander (2001) also demonstrated that
patients with prefrontal lobe damage were impaired in the ability to infer mental states in
others, and to detect evidence of deception, and concluded that a wide range of prefrontal and
limbic functions are differentially involved in ascribing thoughts and emotions to others.
Fine, Lumsden, and Blair (2001) reported that a patient with damage involving the left
amygdala had difficulty with both theory of mind and executive tasks. Lowe, Bullock,
Polkey, and Morris (2001) reported that impairment in tasks of theory of mind, and impaired
executive skills, were probably not causally related. They proposed that there may be a
specialized, discrete module for processing theory of mind tasks, situated within the
prefrontal cortex, with evidence that the two conditions may co-occur due to the proximity of
the respective underlying functional areas. Lough, Gregory, and Hodges (2001) claimed to
have differentiated impairment in theory of mind tasks from general neuropsychological and
executive functions in a 47 year-old patient diagnosed as suffering from the frontal variant of
fronto-temporal dementia. Those researchers claimed that such a differentiation further
defines the relationship of fronto-temporal dementia and deficits in social reasoning and
behaviour. Goldberg (2001) recounted his experiences with clients who seem to lack a
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theory of mind, a concept that he defines as “the capacity for self/non-self differentiation” (p
111). He emphasised that this capacity to represent the thinking and intentions of others
came only late on the stage of evolution, and parallels the development of more extended
prefrontal circuits. He regards the prefrontal cortex as the “organ of civilization”, and has
described his view of how the executive processes, believed to be the principal function of
that system, employ past internal representations in driving the organism towards the future.
To conjure up an internal representation of the future, the brain must have an ability to take
certain elements of prior experiences and reconfigure them in a way that in its totality does
not correspond to any actual past experience. To accomplish this, the organism must go
beyond the mere ability to form internal representations, the models of the world outside. It
must acquire the ability to manipulate and transform these models. ... Of all the mental
processes, goal-formation is the most actor-centred activity. Goal formation is about “I need”
and not about “it is”. So the emergence of the ability to formulate goals must have been
inexorably linked to the emergence of the mental representation of “self”. It should come as
no surprise that the emergence of self-consciousness is also intrinsically linked to the
evolution of the frontal lobes (pp 25-26).
This view was probably anticipated, more in terms of philosophy than neuropsychology, by
Jaynes (1990). Jaynes had, in 1969, begun to develop his philosophy about the appearance of
self-consciousness in terms of the language and expression of ancient writers. He noted the
transition of thought from the concept of the individual as a co-extension of God to the
individual who has a separate consciousness related to emotions, ethics, and a construct of
“self”. Jaynes dated this transition as late as 3000 BC. His thesis, which he described as
speculative, proposed that the bicameral mind was a form of social control that enabled the
transition from hunter-gatherer groups to large agricultural communities. “And in this
development lies the origin of civilization” (p.126), a view echoed by Goldberg (2001) as
quoted above. Goldberg thereafter uses the metaphor of the orchestral conductor to describe
these executive abilities, a metaphor that had been promoted earlier by Karl Pribram. The
metaphor is particularly apt, though it is still limited in terms of adequately describing the
complexity of prefrontal cortex functions, and can be regarded by some as an homunculus.
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Fuster (1997) is also acknowledged as one of the most perceptive theorists in the analysis of
prefrontal functions. He incorporates memory into the essential function of the prefrontal
cortex, in all three temporal integrative functions.
1. Active short-term memory or working memory. This function is the provisional
retention of information for prospective action. Its content may be sensory or motor,
and may consist in the ad hoc temporary activation of old memory. ...
2. Set, or motor attention. It consists in the selection of particular motor acts and the
preparation of the sensory and motor systems for them. The selection is made among
items of an established repertoire of motor memory. ...
3. Inhibitory control. This function protects behavioural structures from external or
internal interference. An important source of interference are sensory and motor
memories that are similar to those in current action but inappropriate to it. By
suppressing distraction, this function serves the exclusionary role of attention …
(pp 4-5).
Further development in the description of frontal lobe function is found in the review of Kane
and Engle (2002). They detail the intricate relationship that exists between the capacity of
working memory, prefrontal activation and fluid intelligence. They place a strong emphasis
on the concept of working memory capacity as distinct from working memory function. The
concept appears to be closely related to attention as the ability to sustain performance under a
variety of competing conditions, since attentional resources are limited in capacity. The
general description of Kane and Engle is not too far removed from that given by Fuster,
quoted above.
The above review should demonstrate that the most current proposals for the description of
prefrontal lobe functions involve memory processes at all levels. Included in these memories
are emotional memories associated with past experience, and probably also associated with
genetically coded memories and other memories (procedural and implicit) beyond the reach
of conscious recall.
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A working definition for memory in this study

Memory is a neural process of internal representations in which complex chains of neurons,
or networks, are re-activated in appropriate temporal relationships by an internal and/or
external stimulus complex. These neural networks may have been established by genetic
forces in foetal development, called genetic memories, or by the on-going exposure of the
organism to environmental stimulation, called learning. This re-activation may be conscious,
in the sense that the process is capable of being communicated to another through some
medium, or unconscious, in the sense that the re-activation may influence on-going behaviour
without the organism being capable at that instant of communicating the process through
some medium. The evolutionary role of memory was to relate current external or internal
experience to a store of past experience to provide meaning. This enabled the organism to
make predictions for the future so that it may then behave purposefully. Damage to this
complex system, by lesion or by chemical disruption, will lead to a variety of anomalies,
depending on which components have been disrupted, which have been left unscathed, which
systems have become dysfunctional, and which systems have remained functional.
Superimposed over all these memory functions are the integrating functions associated with
the prefrontal cortex. As the orchestral conductor, the prefrontal cortex is not itself a memory
system, but is the director of memory processes.
4.3

The role of the prefrontal cortex in compensation for dysfunction

Finally, the prefrontal cortex, employing such complex memory-related processes, enables
judgments about alternative strategies. This is particularly important when brain systems or
extra-brain systems may become adversely affected or non-functional, such as when finemotor movements are slowed by muscular disorder. By having the ability to review past
experience and evaluate past strategies, the prefrontal functions may enhance anticipation of
dysfunction and activate alternatives that will compensate for such dysfunction. In simpler
terms, just as one may design an appropriate prosthesis for a sensory or motor disability, one
may also engage a related sensory system to compensate for the dysfunction of another, such
as using sensory temperature concepts (hot or cold) to describe visual colours for a blind
victim (red or blue). One may also employ latent language systems in the non-dominant
hemisphere to compensate for language deficits following a stroke in the dominant
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hemisphere. The origins of this type of compensation lie in the capacity of the prefrontal
cortex to define alternative patterns of memory recall, based on parallel experiences from the
past.
The importance of this process is very apparent in discussing the effects of normal aging.
The achievement of a mature prefrontal cortex enables on-going and subtle compensation for
those processes that may be adversely affected by involution. Thus the older person prefers a
more predictable environment, and more routine procedures. Such a person will
automatically slow down performance, or concentrate more on small detail. The range of
accommodation strategies is almost infinite. However, this compensatory process would
have the effect of masking the real consequences of primary aging on brain functions, leading
many to presume that the prefrontal cortex was relatively unaffected by normal aging.
Grady. Furey, Pietrini, Horwitz, and Rapoport (2001) examined this proposal particularly in
relation to the process of remembering faces. The authors refer to the compensatory role of
the prefrontal cortex in the early stages of Alzheimer’s Disease. They concentrated attention
on the relationship between brain functional connectivity and impaired short-term memory in
patients classified as suffering from a mild dementing disorder. They were able to show that,
in these patients, the breakdown in memory for unfamiliar faces was due, at least in part, to a
reduction in the functional connectivity of the right prefrontal cortex with other areas such as
the right hippocampus and visual cortices. From this study, they stress the usefulness of the
concept of functional connectivity in studying how a disease process causes a failure to
engage the networks successfully used by controls, and to identify alternative networks that
may be successfully engaged. Their results also provide further support for the idea that
alternative brain networks may play a compensatory role early in the course of Alzheimer’s
Disease under some conditions and that, in the case of face memory, this alternate network
may be one that mediates the processing of affective content in the faces.
It should be reiterated that involution, as mentioned previously, becomes apparent when the
compensations provided by the prefrontal cortex are increasingly ineffective in balancing the
effects of continuing neuronal, dendritic, synaptic and chemical deterioration within the
prefrontal circuits. When such processes are further compromised by pathology associated
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with aging, then involution (primary aging) grades into dementia (secondary aging). This
important factor may be the explanation for the so-called threshold effect, a condition
described by Roth (1994).
The situation that obtains in relation to Alzheimer’s Disease on the one hand and subjects
who are intact in cognitive and personality functioning is as follows. No clinical symptoms
are manifest in those for whom mean counts of senile plaques are 15 or below per
microscopic field. In the sub-threshold state, NFT (neurofibrillary tangles) are found in the
cerebral cortex rarely, being largely restricted to the hippocampus and parahippocampal
gyrus. At this stage, the pathological process is clinically asymptomatic. When plaques and
tangles are found to exceed threshold values, clinical dementia has almost invariably been
manifest during life (p 59).
There is a sharp discontinuity at the threshold point; new emergent phenomena are
manifest beyond it in the clinical profile, course and outcome…. As will be seen,
novel structural, immunological and molecular changes appear in the cerebral
pathology of Alzheimer’s Disease which differentiate it from the mentally wellpreserved aged (p 60).
The threshold is that stage where the patient with a suspected Alzheimer's Disease (SDAT)
shows evidence of age deterioration, but could not be defined as suffering from SDAT at that
stage. However, the changes from age, to aging, to advanced aging, to suspected SDAT, to
defined SDAT are associated with progressive novel structural, immunological and molecular
changes in the cerebral pathology. It is proposed here that the compensatory process
provided by the prefrontal cortex obscures the behavioural signs of the significant aging
process, and continues to operate until these changes seriously impair the prefrontal functions
as well.
It becomes necessary, then, to examine what are considered to be the normal changes
associated with the process of chronological aging, changes that seem to occur in all humans
following the attainment of the age of 70 years, and much more apparent after the age of 80
years (Broe et al., 1983).
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CHAPTER FIVE: AGING AND NEUROINVOLUTION (PRIMARY AGING)
Involution is the more accurate term to describe the process that is the reverse of evolution,
since it meets the proposal that aging is a process that follows the reverse of development. If
this proves to be the case, then it becomes possible to argue that those systems that are last to
develop and mature will be among the earliest to reveal the decrement associated with
involution. However, it becomes difficult to ascertain, other than by careful post-mortem
examination, which of these systems has become affected. The following is a review of
research being conducted into the effects of aging on central nervous systems.
5.1

Studies that have employed neuroimaging

Albert and Moss (1988) have summarised the results of studies examining age effects as seen
in the Computer Tomography (CT) scan. The main areas of examination to that date had
been ventricular and sulcal size, and CT density number, a measure of ventricular size. To
that date, there were no definitive studies that clearly identified how normal aging affects the
brain as seen through these examinations. Further examination by means of Positron
Emission Tomography, Single Photon Emission Computed Tomography and regional
Cerebral Blood Flow studies, to define aging effects of brain structure and metabolism, has
suggested changes over time but the magnitude appears to be small in subjects representing a
normal group. The methods appear to be of most benefit in differentiating between forms of
dementia, rather than in defining the cumulative effects of aging.
Woodruff-Pak (1997) has summarized studies that have examined the effects of aging on the
normal brain, particularly on the subject of neuronal loss. She has indicated that studies of
cell counts can only be cross-sectional since they are carried out at autopsy. Without a
longitudinal comparison, it is difficult to estimate what degree of cell loss, if present, really
represents a loss from a former higher count at a younger age. In general terms, she
identified three regions of the brain as likely to be affected by cell loss due to the effects of
primary aging:
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The frontal lobes. She stated that there was converging evidence from morphological
studies, imaging studies by MRI and functional studies by PET to indicate that the prefrontal
cortex is smaller in volume and less activated in older adults.
The hippocampus. These systems have long been associated with knowledge memory.
Studies reviewed indicated cellular loss from systems essential for long-term memory,
particularly the subiculum. This latter system was associated with more profound types of
memory deficit. In addition, CT scan and MRI scan studies have inferred a loss of overall
volume with the process of aging in this region, thus producing the memory problems
associated with advanced age, and pathology.
The cerebellar cortex. This area is identified because of the loss of Purkinje cells with the
advance of age. Recent studies have apparently identified not only a fall in cell count, but
also a reduction in the size of the cerebellar vermis, particularly the dorsal vermis. As this
region was also the most recently developed in brain maturation, the fact that the highest
regions of cerebellar cortex show age related impairment has significance for the
neuropsychology of aging.
In addition to losses in these critical areas, there are also many studies that have indicated
loss of cellular volume, loss of dendrites and axons and failure in support, glial, cells. With
regard to involution, Fuster (1997) summarised the general findings,
In the prefrontal cortex of the human subject, involutional signs generally appear in
the seventh or eighth decade of life. They include a certain degree of volume loss (of
grey matter as well as of individual neurons), atrophy of dendrites, and loss of
synaptic spines. There are indications that, in some respects, the prefrontal cortex
leads most, if not all, other cortical areas in morphological aging (p 42).
Scheibel (1996), on the other hand, has emphasised that the changes seen in overall brain
volume that are related to increasing age follow from a number of factors in addition to cell
loss. He commented that the shrinkage is due to loss of mass in the white matter, although in
the old-old, beyond age 75, other factors, including loss of grey matter, are also involved. He
goes on to state that the evidence need not necessarily apply to normal aging since it seems
increasingly likely that such alterations are the result of underlying pathological conditions
such as hypertension, diabetes and cardiac disorders, and are not directly related to brain
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aging. The thrust of these arguments led him to conclude that the appearance of
hyperintensity changes in cerebral white matter, even in the seventh and eighth decades and
beyond, cannot be attributed to benign age-related changes in a healthy individual.
Neuroimaging evidence for a specific loss of frontal lobe function with age has been cited by
Rypma and D’Esposito (2000) who investigated the relationship of prefrontal activity to
working memory in aging subjects. Using fMRI techniques, they concluded that age-related
changes in the dorsolateral prefrontal cortex accounted for working memory decline with
primary aging. Prabhakaran, Narayanan, Zhao, and Gabrieli (2000) employed fMRI to
investigate the integration of verbal and spatial information, and concluded that the prefrontal
cortex was responsible for such integration. They also concluded that the prefrontal cortex’s
specialized capacity for integrating multiple forms of information in working memory could
underlie its unique contribution to high level cognition that demands flexible representations.
It should therefore follow that any age-related deterioration in working memory efficiency
could be attributed to a decline in these integrating processes of the prefrontal cortex.
5.2

Studies that have employed EEG and ERP

Duffy and McAnulty (1988) have reviewed studies employing electroencephalography. It is
appropriate to mention again that this type of study was used in Luria’s investigation of the
functions of the prefrontal cortex. The authors concluded that the evidence supported the
following conclusions.
Cognitive activation tasks were different in the elderly subjects, and they quote the
conclusion of Dustman and colleagues, that the results imply a breakdown of functional
autonomy of cortical areas. These results are also said to support a theory of decreased
central inhibitory function in old age. In short latency evoked potentials, there was an agerelated increase and slowed peripheral and central conduction time. It has been proposed that
such could follow from axonal dystrophy, loss of large myelinated fibres, loss of dendrites,
increased synaptic delay, altered neurotransmitters or vascular changes. In long latency
evoked potentials, there are reported changes in the P300 component with increasing age, and
that these changes reveal a marked negative-to-positive gradient from front to back. It has

Aging and Prefrontal Functions

Page 37

been suggested that such changes are consistent with frontal lobe cortical aging. However, it
would also be consistent with the hypothesis that functions more removed from the prefrontal
cortex have been involved, or that the changes are less the result of aging, and more the result
of disease processes such as hypertension, diabetes and heart disease.
Dywan, Segalowitz, and Arsenault (2002) used event-related potentials (ERPs) to evaluate
the differences in source monitoring by younger compared to older subjects. For younger
subjects, ERP effects were maximal in posterior sites, and larger than those of the older
subjects, whereas, in older subjects, the waveforms were less differentiated, with markedly
greater amplitude at prefrontal sites. This evidence may be consistent with the earlier
deterioration of anterior systems.
5.3

Studies that have employed invasive technologies

Herzog and Kemper (1980) have indicated that normal aging has an adverse effect on the
amygdala, in which they observed, at autopsy, a greater cell loss than in other parts of the
brain. In their small group of control brains, the loss was regarded as significant in
quantitative terms. The far greater deterioration was observed in those brains affected by
pathological disease such as dementia. Since the amygdala-hippocampus systems are vitally
important for survival, learning, and the rapid retrieval of memories, and since they are most
involved in responses to threat, and to visual/facial recognition, such slow deterioration
within those systems would clearly be consistent with behavioural observations related to
advanced age effects (Joseph, 1996). Scheibel (1996) drew attention to age-related regional
changes involving, in particular, increased appearance of neurofibrillary tangles, senile
plaques and dystrophic neurites in the hippocampus and amygdala, in subjects previously
identified as representing the normal aged.
5.4

Studies that have employed pharmacological technologies

Fried et al. (2001) have demonstrated that amygdala circuits are a major target of midbrain
dopaminergic neurons, and are implicated in memory processes. During a sustained word
paired-associates learning protocol, increase in dopamine release in the amygdala related to
the learning performance. It has been demonstrated that the amygdala circuits are among the
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first to show evidence of neuronal dropout, indicating that pharmacological research of this
nature could be used to provide early evidence of deficits in the functions of this particular
circuit. Tests of facial processing, such the recognition of emotional expressions, may be
employed to relate deficits in amygdala circuits to the decline in dopamine availability.
Lupien (1998) used a similar process to demonstrate that elevated cortisol levels, in a group
of six aging patients, correlated significantly with the degree of hippocampal atrophy. This
implied that basal cortisol elevation was related to hippocampal damage, thus contributing to
the memory deficits associated with aging. Increased stress associated with increasing age
could lead to elevated cortisol levels. Karelson et al. (2002) have suggested the study of
various biological markers should indicate the process of primary aging, such as APOEepsilon4, sex steroid hormones and glutathione. For example, some genetic combinations of
ApoE(4) were found to be associated with metabolic brain defects on PET scans, the defects
being similar to those seen in patients with Alzheimer’s Disease. Narayan (1998) noted that
the link between Alzheimer's Disease and ApoE(4) had been discovered accidentally, with
research still in its infancy, implying that further research may establish a causal relationship.
Further research of recent origin (Reisberg et al., 2003) has proposed that neurodegenerative
disorder may be the consequence of over-stimulation of the N-Methyl-D-Aspartate (NMDA)
receptor by glutamate. The researchers, using a variety of measures, have been able to
demonstrate that the progress of Alzheimer's Disease was reduced by treatment with
Memantine, an NMDA antagonist. Goldberg (2001) has drawn attention to the relevance of
the other pharmacological treatments, such as anticholinergic drugs. He has referred to such
drugs as “cognotropic”, since they possess a potential for having a direct effect on cognitive
processing. Some of the more recent anti-cholinesterases have proved to be effective in
producing some reversal of memory dysfunction, and the suggestion is made that such
treatments could be employed to examine frontal lobe deterioration associated with normal
age effects. He reported studies being conducted in Russia on a wide range of cognotropic
treatments using leva-dopa, L-Glutamic acid, L-Tryptophan and Ameridin. While the results
need to be replicated, the prospects for using these biochemicals in aging research are
promising. Some progress has been made with the availability of drugs such as Aricept.
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Studies that have employed neuropsychological instruments

West (1996) has been one of the more ardent promoters of what has become known as the
prefrontal cortex function theory, applied to the aging concept. Acting on the suggestion by
Fuster, that the region known as the prefrontal cortex is the first to malfunction in normal
aging, West was keen to advance beyond the influence of inhibition and interference control
to include memory processes, since there is a strong relationship between the functions of the
prefrontal cortex and the processes we call memory. He has proposed a model of age-related
decline that included a general function of temporal integration supported by four specific
processes: prospective memory, retrospective memory, interference control, and inhibition of
prepotent responses. West maintained that in terms of retrospective memory, deficits could
be expected to arise when performance on a task becomes dependent on the retrieval of
contextual information about an event, a frontal lobe function, and less related to the semantic
content of memory. In terms of prospective memory, deficits could be expected to arise
when task performance cannot be supported by external cues or reminders. In terms of
interference control and inhibition of prepotent responses, deficits could be expected when
the task performance becomes increasingly characterised by a tendency to respond based on
dominant behavioural patterns or on task-inappropriate information. After reviewing studies
that have researched prospective memory, frequency information, source memory,
interference in short-term memory, “stroop” colour/word interference, and attention, West
generally concluded,
The proposed model was found to perform well in accounting for numerous findings
of age-related decline in cognition, with one exception: This age-related decline in
item recall and recognition suggests that the frontal lobe hypothesis of aging provides
a useful but incomplete neuropsychological model of cognitive aging (p 289).
The one exception indicated by West (p.288) was the problem experienced by the older
subject across the areas of prospective memory, frequency estimation, and source memory.
This problem was regarded as originating in temporal lobe systems, and West suggested that
a full neuropsychological model of cognitive aging would have to include predictions
relevant to both frontally and temporally supported cognitive systems.
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In view of the very close reciprocal relationship between the prefrontal cortex and the limbic
system indicated previously, disruption to any of these connections could adversely affect the
functions of both temporal and prefrontal systems. Certain forms of age-related decrement in
a prefrontal system, for example, may well be observed in responses thought to reflect the
activity of a system located in the temporal lobes. Recently, Leonards, Ibanez, and
Giannakopoulos (2002) completed a study using visual working memory, memory for faces,
letters and doors. While aging resulted in a general response-time slowing across all tasks,
there was a marked decline, based on age, in memory for faces and memory for doors. There
was no significant decline in memory for letters. The authors concluded that working
memory decline could not be explained solely on the basis of prefrontal cortex deterioration,
but should include deficits in a visual short-term buffer, possibly located in the temporal
cortex. Rabbit and Lowe (2000) have also examined the performance of aging 60-80 yearold subjects, using a culture fair test of intelligence and the Cambridge Automated
Neuropsychological Test Battery. They reported that age level had a significant relationship
to Associate Learning and Spatial Recognition Tests even with allowance for level of
performance on the culture fair test. The purported tests of executive ability were not related
to age, whereas the culture fair test results better predicted performance on the tests of
executive ability. This result is comparable to the results reported by Duncan et al. (1996),
mentioned earlier.
West’s view, namely that involution involves more than just the prefrontal cortex, is
consistent with the evidence. The proposition in this thesis is that the effects of a range of
deficits involving a few or several brain systems may be masked by the compensatory
functions of the prefrontal cortex, and that the behavioural evidence of primary aging
becomes more apparent with the incremental failure of the prefrontal systems.
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Brief summary of other deficits in primary aging

Other physical changes, not directly related to brain function, may also compromise
neuropsychological performances, and should be considered when constructing test batteries,
and interpreting test results. Changes of function in visual processing, associated with
advancing age, have been summarised by Kline and Scialfa, (1996). In brief, these are,
thickening of the cornea, drop in aqueous production (glaucoma), reduced pupil size,
thickening of the lens, a liquefying vitreous humor, reduction in retinal illuminance, mild
compromise of the retinal structure, loss of fluency in eye-movements and ocular control,
decreased adaptation to darkness, decreased contrast definition, decrease in colour
discrimination, slower glare recovery, compromise of spatial vision, compromise of temporal
resolution and motion perception, and deterioration in attention and visual search. Changes of
function in audition will compromise hearing thresholds, temporal resolution, speech
perception and auditory attention. Finally, Simoneau and Leibowitz (1996) in the same
volume, report the various deficits that appear in posture, gait and balance (see also Broe,
1983).
5.7

Final Comment

One further note on aging remains to be stated. The vast majority of research into the effects
of advancing age has concentrated on the deterioration of functions, to produce a very
negative image associated with advancing age. It is timely to note that some researchers are
actively promoting the positive images of aging, and the whole process of research would
become more balanced if this approach was adopted by more researchers. Perhaps it is time
some students of aging examined what development is still possible in the declining years,
since modern gerontological research produces an image of aging in marked contrast to the
much earlier social image of the wisdom of the elders.
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CHAPTER SIX: FORMS OF AGE-RELATED BRAIN PATHOLOGY (SECONDARY
AGING)
Secondary aging may take many forms, so a brief summary of these pathologies should be
provided, with a description of what are thought to be causes and effects in each case. In this
section, the term “dementia” will be employed frequently, and should be carefully defined in
those terms that are intended to apply to this study.
The essential nature of the condition described as dementia is “loss of mental powers,
generally owing to organic or functional disorder” (Drever, 1952). The term itself does not
imply a congenital intellectual disability, but rather the victim has shown evidence of
significant decrease in intellectual ability. Therefore, it is possible to apply the term to those
individuals who have a developmental disability appearing at puberty, or to those cerebral
palsied individuals whose brain development has been permanently compromised by damage.
However, it has become customary to apply the term dementia to a process rather than to a
state. In this sense, the term is appropriate for those within the category of secondary aging,
since this category is applied to those whose condition is expected to continue to deteriorate
over time, and that relatively normal functions may only be prolonged rather than decrement
reversed. This is the general definition on which this study is based. However, some causes
for a dementing disorder may be treated with some degree of success, so allowance is made
for another group of disorders that are described as treatable causes for dementia.
According to Greene and Hodges (2000), dementias may be loosely classified as cortical,
subcortical and mixed cortical-subcortical. However, the authors are not making distinctions
on the basis of secondary and tertiary forms of aging. In brief, these classifications are
defined as follows:
6.1

Cortical Dementias

6.1.1

Alzheimer’s Disease

Alzheimer’s Disease is probably the earliest form of dementia to have been identified.
Memory functions are most characteristically compromised, with problems in both recall and
recognition. Language may become compromised, with aphasic features. Visuo-spatial and
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perceptual abilities are impaired. However, it is thought that generally mood and personality
remain relatively unaffected until late in the degenerative process.
6.1.2 Creutzfeldt-Jakob Disease
This has been described as a rapidly progressive cortical dementia. Its progress to
termination is so rapid that a clear neuropsychological profile has not been determined.
Amnesia and aphasia appear to be severe. Under these circumstances, it could qualify as a
form of tertiary aging.
6.2

Subcortical Dementias

These disorders are mostly characterised by mental slowing, impaired attention,
compromised executive functions, and some memory disorders, with recognition memory
less affected than recall, and the problems associated with mood and social conduct much
more conspicuous.
6.2.1 Progressive Supranuclear Palsy
This disease is most characterised by limited voluntary control over eye movements, such as
following a target. Cognitive deficits are often the earliest indication of the disease, with loss
of executive skills, general mental slowing and unreliable attention. Verbal fluency is
limited, though some victims appear to have reasonable skills in naming, comprehension and
repetition. Mastery of new verbal learning is poor, with problems primarily found in retrieval
rather than recognition. In this dementia, the cortex is usually free from major
neuropathological lesions. However, the characteristic symptoms point to a dysfunction of
the prefrontal lobe (D'Antona et al., 1985).
6.2.2 Parkinson’s Disease
While the primary manifestation of this disease is seen in motor functions such as resting
tremor, rigidity, bradykinesia, and postural instability, cognitive deficits appear with the
progression of the disorder. While it is uncommon to observe deficits in language and
expression, there is a gradual deterioration in executive skills, memory recall, rather than
recognition, and deficits in memory for temporal order and visuo-spatial data.
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6.2.3 Huntington’s Disease
This is primarily a genetically transmitted disorder, and according to Greene and Hodges,
genetic testing has superseded other forms of evaluation. They state that an abnormal
expansion on chromosome 4 is the cause of the disease. The neuropsychological deficits,
which again may precede motor-related deficits, are similar to those observed in Parkinson’s
Disease. In addition to these cognitive deficits, observers have noted subtle changes in
general personality. Depressive mood is commonly seen, though there may also be
schizophrenic-like behaviour and paranoid delusions. Others have also observed the
development of socially irresponsible behaviour.
6.3

Mixed Dementias

6.3.1

Focal Lobar Atrophy or Pick’s Disease

Greene and Hodges maintain that there are mainly two major presentations of this general
disorder:
a. Dementia of the frontal type (DFT) is much less frequently observed than the
Alzheimer type of dementia, and seems to present at an earlier age (45 to 65 years).
The victim is often reported to be unaware of the subtle changes in personality
adjustment that are reported by carers. Executive ability is significantly
compromised, with poor attention, loss of goals, and rigidity in thinking. They seem
to lose the capacity for understanding subtle language aspects (such as puns and
sarcasm). They lack in empathy and withdraw from social contacts. Self-care
deteriorates. Mood disturbance, obsessive-compulsive behaviour, hypochondriasis, or
delusions are frequently reported. Memory is not obviously disordered, with working
memory adversely affected without evidence of any significant amnesia.
b. Primary progressive aphasia has been identified as a further presentation, a
disorder in which language impairment is most conspicuous. Language difficulties
may be either fluent, or non-fluent. These deficits strongly outweigh other cognitive
problems such as memory recall and visuo-spatial skills. Progressive fluent aphasia
(called semantic dementia) has prominent
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language deficits such as anomia, reduced vocabulary, and impairment of single-word
comprehension. Sound-based aspects of spoken language, and contextual grammar
are relatively unaffected. Oral reading is said to show a pattern of surface dyslexia
with impairment in the pronunciation of irregular words such as island). Since they
also have problems in categorizing verbal concepts and in recalling general
information, they perform more poorly on tests of verbal recall. It is also observed
that tests of remote memory show a reversal of the usual temporal gradient, with more
recent events remembered and more remote events forgotten. Progressive non-fluent
aphasia has prominent language deficits most related to speech distortion and verbal
output, although comprehension of spoken language is relatively preserved. The
deterioration in communication skills progressively isolates the patient, and general
memory performance is compromised by language deficits.
6.3.2 Vascular Dementia
Deterioration in brain vascular systems leads to a number of complications such as those that
follow small bleeds, blockage of arteries and arterioles, or collapse of small vascular
transports. Such progressive damage to the vascular systems leads to the loss of neurons and
axon connections. The clinical features are related to the sites and extension of the vascularrelated damage, and it is difficult to produce a reliable system of disease classification.
However, it is considered unwise to diagnose a vascular dementia in the absence of a
previous history of hypertension, ischaemic disease, or stroke.
6.3.3 Cortical Lewy Body Disease
There remains some controversy over the definition of this disorder, which is characterised
by the presence of intraneuronal Lewy body inclusions distributed widely through both
cortical and subcortical structures. McKeith (1998) identifies the central feature as a
progressive cognitive decline, though memory impairment may be less obvious in the early
stages. Deficits on tests of attention, on tests of frontal-subcortical skills, and on visuospatial ability may be especially prominent. Sufferers show a variety of personality changes,
but they are unusually sensitive to neuroleptic drugs that may be used in treatment.
Delusions and hallucinations are frequently reported. A high frequency of falls is reported.
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Treatable Causes of Dementia

The emphasis on this study is placed on distinguishing primary aging from secondary aging.
Since the latter is considered to represent a progressive decrement, the various forms of
dementia that are considered treatable will not be examined in detail. In brief, then, Greene
and Hodges in discussing treatable dementia, include Normal Pressure Hydrocephalus,
caused by meningitis, subarachnoid haemorrhage or prior head injury, and sometimes of
unknown origin, Chronic Subdural Haematoma, primarily seen in patients prone to head
trauma, or those with coagulation defects, Benign Tumours, probably caused by sub-frontal
meningiomas, or by hydrocephalus associated with colloid cysts and pituitary tumors,
Metabolic and Endocrine Disorders, probably caused by chronic hypocalcaemia and recurrent
hypoglycaemia, as well as Hypothyroidism, Addison’s Disease, Cushing’s Disease, Wilson’s
Disease, Wernicke-Korsakoff Syndrome and Chronic Hepatic Encephalopathy, and
Infections such as the AIDS-Dementia Complex associated with encephalopathy, cerebral
toxoplasmosis, cryptococcal meningitis, leukoencephalopathy, sclerosing panencephalitis and
rubella panencephalitis, neurosyphilis, and Whipple’s Disease.
6.5

Conclusion

In any one individual, one or more of the above pathologies may apply. The clinical
neuropsychologist is frequently requested to employ those tests in assessment that may be
differentially affected by the above conditions. That professional also needs to choose tests
that differentiate the normal limitations of primary aging from those limitations consistent
with the pathologies of secondary aging.
It would also be useful to find simple neuropsychological tests that may differentiate the
limitations of a progressive form of pathology from the limitations consequent upon stable,
non-progressive intellectual deficits, such as that seen in a generalised mental retardation.
Included in this study is a group of adult subjects who have a history of generalised
intellectual deficits.
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CHAPTER SEVEN: NEUROPSYCHOLOGICAL ASSESSMENT OF PREFRONTAL
DYSFUNCTION
An essential principle for assessment is to accept that a subject’s responses on all tests of
neuropsychological performance will be influenced in some manner by prefrontal functions,
and probably all will therefore be sensitive, to a greater or lesser degree, to prefrontal, or
executive, dysfunctions. Most current researchers accept the view that working memory is a
significant prefrontal function, although assessment of working memory capacity is often
overlooked. As Kane and Engle (2002) emphasise, “No individual test or small battery of
tests, will exclusively tap the executive component of WM capacity”. Despite the claims of
many neuropsychologists that the Wisconsin Card Sort Test is the pre-eminent test for
prefrontal lobe dysfunction, Nelson (1976) had questioned the use of the test with older
subjects because of its length, leading to refusal to complete, and the ambiguity of attributes
in the stimulus cards, leading to the older subject’s misinterpretation of the examiner’s
feedback and to the examiner’s inability to understand the causes of failure. Nelson modified
the test to remove some of these limitations, but van den Broek, Bradshaw and Szabadi
(1993), in an assessment of the modified form, concluded that card-sorting performance may
not be as differentially sensitive to prefrontal lobe disorder as had previously been
maintained. Damasio (1994) has also argued persuasively that it does not always identify
prefrontal dysfunction. Damasio claimed that the cases he presented were clinically
dysfunctional, but most showed few if any deficits on prefrontal lobe tests including the
Wisconsin Card Sort Test. Goldman, Axelrod and Tompkins (1992) performed a study with
schizophrenics in which the researchers gave the subjects more instructions than in the usual
version and found the subjects performed better. They argue that deficits in executive
function may lie less in the application of information, and more in the formation of concepts
or disambiguation. Similarly, Podell, Lovell, Zimmerman, and Goldberg (1995) have
asserted that most psychological tests use a true/false system in which any given answer is
judged as correct or incorrect. They have proposed a test, The Cognitive Bias Test, in which
there are no correct or incorrect decisions, but rather the performance indicates the method
employed by the subjects to disambiguate a problem. The authors claim that the ability to
resolve ambiguity is a prefrontal cortex function.
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Such tests will identify some victims of the dysexecutive syndrome but will not do so
consistently, according to the writer's personal observations. In a similar vein, Duncan,
Emslie, and Williams (1996), promote the view that tests which measure fluid intelligence
(Cattell, 1971) are measures of prefrontal lobe function. This view is a re-statement of an
earlier contention that the prefrontal cortex is more especially concerned with intellectual
processing, Spearman’s ‘g’. This viewpoint has been further advanced by studies into the
relationship of fluid intelligence, working memory and executive attention. Kane and Engle
(2002), Engle (2002) and Colom, Flores-Mendoza, and Rebollo, (2003), have explored the
relationship between the traditional concept of Spearman’s ‘g’ and tests of working memory
capacity. Kane and Engle claim,
More specifically, the capability to maintain a memory representation in an active
state despite distractions, and in interference-rich contexts, is precisely the aspect of
executive attention that is critical to predicting general success across higher order
cognitive domains, and that is particularly reliant on cells of the dorsolateral PFC” (p
660).
Again, while these views merit close attention and more research, it cannot be claimed that
fluid intelligence measures alone reflect prefrontal cortex function or dysfunction. Studies
that identify temperamental deficits as the result of prefrontal cortex dysfunction without
apparent intellectual deficits (Fuster, 1997; Lezak, 1995), and cases with clear evidence of
intellectual deficits following prefrontal cortex damage without temperamental deficits
(Damasio, 1985), suggest that there are multi-modal contributions of the prefrontal systems to
subject performance. Deficits following damage to one mode may, but does not necessarily,
lead to deficits in a related undamaged mode. The most reasonable view is one which states
that some tests appear to be more sensitive to the dysexecutive syndrome than others, and the
development of sensitive batteries would seem to be a more valid objective.
Observed deficits may follow from disconnection within a system but connections involving
other prefrontal systems may function without deficit. This enables what has been referred to
above as prefrontal compensation for deficits. This study will evaluate the hypothesis that,
while all tests may be sensitive to damage affecting the prefrontal systems, some test batteries
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may provide a more sensitive evaluation. Such a battery of tests requires instruments which
appear to be sensitive to deficits across a variety of executive skills such as fluid intelligence,
working memory, working memory capacity, disambiguation, data acquisition, memory
retrieval, interference control, inhibition, cognitive flexibility, and expressive fluency. For
this study, some adaptations of extant tests have been made, and these combined to give a
variety of measures that are presumed to reflect different deficits in executive functions.
The measures employed in this study have a definite reference to prefrontal functions on the
basis of the above theoretical description of prefrontal functions. One group of measures
gives scores on such tasks as verbal working memory capacity, those processes associated
with acquisition, immediate free recall, retrieval efficiency, and the ability to retain temporal
order. Another measure addresses the prefrontal process of reproducing sequential motor
movements, from working memory. Another measure addresses the process of storing and
recalling, from working memory, a distribution of visual symbols. Another measure
addresses the ability to make judgments about objects that are hidden, on the basis of spatial
observation and attention. Another measure addresses how well the subject retrieves the
name of a familiar celebrity, without and with prompting.
A group of measures was selected to address functions other than working memory capacity.
One is a measure of the capacity to inhibit a prepotent response, while another measures the
speed at which the subject can react appropriately to a novel, switching task. A further
measure was intended to address the subject’s level of fluid intelligence.
Other tasks are essentially complex recognition tasks. One requires the recognition of a
complex set of visual patterns, while another requires the subject to integrate a pattern of
blots to identify the object portrayed. Another requires the use of facial inspection to identify
a portrayed emotional expression. These were included in the battery because they may, or
they may not, be closely associated with prefrontal functions. Clinical experience of the
author suggests that these functions may be related to temporal-parietal lobe processes more
remote from prefrontal influence.
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As has previously been indicated, two conditions that are seen in the author’s clinical practice
are the effects of injuries suffered in head trauma, and the effects of chronic alcohol
dependence. Previous research has indicated the involvement of frontal lobe circuits in
closed head injuries (TBI), especially those that feature significant rotation of the brain (Katz,
1992; Mattson & Levin, 1990). Also, research into the effects of chronic alcohol dependence
as distinct from the more dramatic Wernicke Korsakoff Syndrome has indicated that the
prefrontal system is a particular focus for alcohol-related damage (Harper, 1988). As
indicated previously, brain dysfunction can be caused by a number of different foci of
damage, but most if not all will have an effect on prefrontal systems function. The above
papers emphasise that those conditions, traumatic brain injury and chronic alcohol abuse,
have a proven direct effect on frontal systems. Therefore, the use of tests that differentiate
between patients and controls may be accepted as possibly sensitive to frontal system
dysfunction.
The aim of the studies reported in this chapter was to evaluate the effectiveness of the tests
adopted within the battery for distinguishing deficits in these two clinical conditions. It
follows that measures sensitive to these forms of brain disorder with a demonstrated
prefrontal pathology should also be sensitive to the effects of normal and pathological aging,
if the prefrontal lobe circuits are closely involved in decrements associated with aging.
7.1

Assessment of crystallised intelligence.

To allow for the influence of pre-morbid intellectual skills, an estimate of general ability
must be made. Since the prevailing view is that crystallised intelligence remains stable for
most forms of normal aging, this study has employed the Spot-the-Word Test (Baddeley,
Emslie, & Nimmo-Smith, 1992; Baddeley, Emslie, & Nimmo-Smith, 1993) for most of the
subjects examined. This test employs a paired-word recognition process, in which the subject
is required to identify which of each pair is a real word as distinct from the other which is a
non-word. Some recent studies have examined the reliability of this measure as an indication
of pre-morbid intellectual abilities. Beardsall and Huppert (1997) used the shortened form of
the National Adult Reading Test (Nelson, 1982), the Cambridge Contextual Reading Test
(Beardsall & Huppert, 1994) and the Spot-the-Word Test to estimate the efficacy of these
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three measures of pre-morbid intelligence. They concluded that readers with minimal
dementia showed no impairment on the Spot-the-Word Test compared to average readers.
However, they indicated the need for caution in using a single test to predict pre-morbid
intellectual functioning without considering the type and degree of cognitive impairment and
its likely effect on test performance. If the comparison tests, however, had been
demonstrated to be reliable measures for premorbid general ability, then it should follow that
the Spot-the-Word should also be a useful measure for this quality. Watt and O’Carroll
(1999) were less impressed with the Spot-the-Word Test when assessing pre-morbid
intellectual functions in victims of closed head injury. In this instance, the variability in types
of injury could have resulted in less consistent performances by the subjects. Law and
O’Carroll (1998) expressed concern over the relatively low correlations between the Spotthe-Word test and current verbal intelligence, but they conceded that the three tests, the
National Adult Reading Test, the Cambridge Contextual Reading Test and Spot-the-Word
Test, had been relatively unaffected by the presence of Alzheimer’s Disease. Yuspeh and
Vanderploeg (2000) tested 61 community-dwelling healthy older adults, whose ages ranged
from 60 to 91 years, and concluded that gender and age had no significant effect on the
subjects’ performances, but that level of education had a significant effect. Saxton et al.
(2001) obtained their data from 424 community-dwelling older adults, whose ages ranged
from 75 to 91 years, and concluded that increasing age had little effect on the lexical
decisions of the subjects. Baddeley (1992) reported that the reliability coefficients for the
Spot-the-Word Test ranged between 0.78 and 0.83.
Before employing the Spot-the-Word Test as the principal measure of pre-morbid verbal
ability in the young controls, old controls and those with suspected secondary aging, a pilot
study was conducted to assess its usefulness when used in the practice. The aim of the
present pilot study was to examine the relationship between performance on the Spot-theWord Test and the Australian National Word Reading Test, AUSNART (Hennessy &
Mackenzie, 1995).
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7.1.1 Methods
7.1.1.1 Participants
The participants were 195 clients of the practice who had been assessed for the effects of a
traumatic brain injury and 57 normal controls, selected from the practice records, who had no
apparent history of traumatic brain injury.
7.1.1.2 Materials
Each client had completed the Australian National Adult Reading Test (AUSNART)
according to the standard method of administration. Each client also completed Form A of
the Spot-the-Word Test in accordance with the instructions for administration. Each client
then completed Form B of the Spot-the-Word Test, modified by the author to avoid
complications that could be associated with dysarthria, dysphasia or dyslexia in the subject.
The word pairs were displayed for the client, but the administrator pronounced each pair of
words as the client read the text.
7.1.2 Results
The mean full scale IQ rating for each client was estimated, using the equation provided by
Hennessey and Mackenzie (1995). The mean IQ for the group was 109 (SD 10.4). For this
group, the mean number of errors on the Spot-the-Word Test, Form A, was 12.95 (SD 9.5),
and on Form B was 12.54 (SD 7.4). The correlation between Form A and AUSNART was
0.58 (p < 0.01) and between Form B and AUSNART was 0.50 (p < 0.01).
7.1.3 Discussion
The above study indicated that the Spot-the-Word Test could be a useful quick estimate of
premorbid ability, but not as a deliberate assessment of premorbid IQ. The estimates would
only enable a general judgment about the premorbid level of ability of the groups used in the
doctoral study. Differences between the S-WT and the AUSNART may be due to the
requirement placed on the client to read the words aloud, whereas the client merely had to
indicate which of the two words sounded like a real word rather than a non-word. The
influence of guessing could have been significant also. However, in view of the close
association of error scores between Form A and Form B, and in view of the advantages
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provided by the oral form of administration in cases of clients with reading and/or articulation
problems, it was decided to employ Form B oral administration in the major study. However,
for subjects in the general study who were selected because of their significant intellectual
deficits, this measure would be inappropriate since the lowest rating was a 90IQ equivalent,
and the results could not be compared to any published norms. For these participants, tests
that involved little or no reading were employed, namely the Peabody Picture Vocabulary
Test – III (Dunn & Dunn, 1997), the Raven’s Coloured Progressive Matrices (Raven, 1963),
or the Kaufman Brief Intelligence Test (Kaufman & Kaufman, 1990).
7.2

Assessment of Fluid Intelligence

As indicated previously, some researchers have argued persuasively that there is a close
relationship between the measure of fluid intelligence and the measure of prefrontal function.
It has been well demonstrated that increasing age leads to a progressive decline in scores on
tests that are considered to measure fluid intelligence. MacLean and Yeudall (1983) have
described fluid intelligence (Gf) as a measure of the subject’s ability to acquire new learning.
In more detail, Gf is seen in Inductive Reasoning, the ability to determine a general
relationship amongst a number of elements and extend this to the choice of new elements,
General Reasoning, the ability to determine what simple elements make up a more complex
structure, and Figural Reasoning, matching a new figure based on information from a
previous figure. These researchers have indicated that the Raven’s Matrices, along with the
Koh’s Block Design and the Object Assembly sub-tests of the Wechsler Scales, were
examples of tests that measure Gf. In this study, another measure has been preferred, namely
the Compound Series Test developed by Morrisby (1979a). This particular test combines the
above three factors associated with Gf, namely inductive reasoning, general reasoning and
figural reasoning.
The Modified Compound Series Test
This 30-minute, objective test of inductive reasoning ability is part of the assessment titled
The Differential Test Battery, prepared as a general educational and personnel selection
assessment (Morrisby, 1979b). The original test was published in 1955, and similar
techniques have been used in the Stanford Binet Intelligence Test sub-test for Year III
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(Terman & Merrill, 1961), and by Lhermitte and Signoret (1972). The solution to each item
requires the examinee to visually inspect a chart showing a string of coloured beads, to
determine the rules of their sequence, and then to indicate, from a panel of alternative beads,
the two next beads that follow in that given sequence by writing the identifying numbers of
the two items on the answer sheet in the correct sequence. The complexity of the task is
increased over the 60 items. The procedure is similar to many tests of quantitative reasoning
in which sequences of numbers are employed.
In modifying this test, this author has reduced the original 60-item version of the Compound
Series Test to 20 items from the first 35. The items were simpler, and each item was chosen
to reflect a change in the sequential logic, such that the strategy for the earlier item was not
identical to the strategy for the next item. To further modify the items for the benefit of the
old-old subjects, the colour component was eliminated and the items rendered in black, white
or hatched format, but following the same sequence strategies of the original. The test was
administered as a one-to-one interaction. The examiner recorded the responses and the time
taken by the subject for each of the 20 items, replacing the objective administration and the
30-minute timing of the original. To eliminate the situation where the subject repeated an
error through misunderstanding the instructions or through forgetting the strategies
employed, the examiner stopped the subject when s/he made an error on any particular item,
for the first three errors. The examiner explained the logic for the item, and indicated the
correct solution. When the subject had indicated that s/he could see the logic, the examiner
administered the next item. The test was terminated after the subject had made errors on five
successive items.
The modified test requires the subject to examine a sequence of visual symbols, in black,
white and hatched forms, to determine the rules of the sequence and to nominate, from a
panel of 8 alternatives, the next two symbols to follow in that same sequence. Since this test
demands the ability to determine a general relationship amongst a number of elements and
extend this to the choice of new elements by retaining this information within working
memory, it should not only be a good indicator for Gf, but also a useful measure for assessing
the presence of brain disorder or age-related decrement. However, it is desirable to examine
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whether this conclusion is based on consistent evidence in records of the clientele of the
practice. The aim of the current study was to evaluate the relationship between the modified
20-item version of the test and the original 60-item version, and to evaluate the sensitivity of
this task to prefrontal brain pathology as outlined in the previous pilot study. It must be
emphasised here that this group of studies is based on a client population in a general
psychological practice. Under these conditions, it is not possible to use carefully selected and
census-balanced groups as norms, since the number of clients is restricted to that which may
be processed by one person in a general practice setting. However, if the studies are to have a
reasonable reference to the general clinical population, that restriction can be an advantage,
as stated in Chapter Two of the thesis. The control groups must be drawn from a clinical
population who have presented for reasons other than serious mental disability. With that
qualification, the writer has attempted to justify the selection of this test using the clinical
records in cases where no population norms are available.
7.2.1 Methods
7.2.1.1 Participants
To obtain a working measure of reliability for the modified version, the author has used a
sample population of 103 clients of the practice, all of whom had completed the modified
form of the test as outlined above. Thirty-four had been referred for assessment following a
head injury, while the remainder were not thought to have suffered from any serious disorder.
To evaluate the sensitivity of the modified version to prefrontal dysfunction, a further two
experimental groups (n=133) were selected from the practice records. The first was a group
who were referred because of a head injury (n=81; M65, F16), and the second was a group of
patients referred because of chronic alcohol dependence (n=52; M42, F10). Data from 148
control subjects were extracted from the practice records (M83, F65).
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7.2.1.2 Materials
Morrisby maintained that the Compound Series Test was a relatively pure test of Spearman’s
Gf. However, the Manuals were not prepared for the use of this test with an older group of
clients. Subsequent to his death, the organisation he founded in the UK, Educational and
Industrial Tests and Services, has carried out an evaluation of age effects, the results of which
have been forwarded to me by his wife, in a personal communication. The study was
conducted on 95 secondary school teachers. The scores were plotted against age, with a
mean close to 40 for the age group 20 to 35, and with scores declining steadily to a mean
about 32 for the age group 50 to 66 (Morrisby, 1988). The 60-item test could be considered
appropriate as a measure of fluid intelligence. However, its length and increasing complexity
made the measure rather too onerous for the older, more disabled and possibly dementing
groups of subjects, so the modified version was used in the doctoral study.
7.2.2 Results and Discussion
The reliability estimate, using Cronbach’s Alpha, gave a reading of 0.71. Correlations and
descriptive statistics for the 60-item and 20-item versions were extracted. The Pearson
correlation coefficient between the full version and the modified version was 0.80. The
results justified the inclusion of the modified version of the test in the research study.
In the other evaluation, records of the control subjects were re-scored as for the 20 items of
the modified version. This process was not thought to greatly influence the MCST score for
the control subjects, since these controls did not have the feedback about errors in resolving
an item, and the test had been administered as a group test with a time limit. It should have
been more difficult for the participants of the group-administered version who were to
comprise the control group. Therefore, the performance of these subjects should provide a
rough indication of what a control group might score, so that a general comparison could be
made with the victims of a brain disorder, to further evaluate the usefulness of the measure in
the doctoral study. This conclusion is based on the assumption that any differences between
the control group and the two experimental groups would have been underestimated rather
than overestimated.
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A univariate Analysis of Variance was conducted on the total group, with age and gender as
covariates, and with Bonferroni correction set at 0.05. The mean performance for the three
groups, adjusted for the influence of the covariates, age and gender, is presented in Table 7.1.
Table 7.1 Mean age and performance on the modified Compound Series Test (MCST), with
standard deviations in parentheses, for the control and two experimental groups, traumatic
brain injury (TBI) and chronic alcohol dependence (ETOH).
TBI
N

80

ETOH

CTL

52

148

Age Mean

32.7 (14.4)

43.9 (11.0) 18.8 (5.2)

MCST

12.6 (0.3)

11.5 (0.4)

16.6 (0.3)

Of the covariates, there was no overall significant difference due to gender [F(1,275) = 1.85].
Age, on the other hand, had a significant effect [F(1,275) = 6.12, p < 0.05].
The analysis indicated that the two groups with brain disorder, despite the benefit of
feedback, performed at a significantly poorer level than the control group [main effect of
group, F(2,275) = 53.61, p < 0.01; Control vs ETOH, F(1,224) = 89.92, p < 0.01]. However,
the means of the two experimental groups were not significantly different [ETOH vs TBI,
F(1,128) = 3.70, p > 0.05]. This study supported the view that the test was sensitive to brain
dysfunction and would be a useful measure for the larger study.
7.3

The Block Counting Test

Block Counting requires concentration, attention and visualisation, all within the capacity of
working memory. Such a measure could be useful in this type of research. The Blocks Test
used in this study was originally produced by King (1952), based on a part of the Army
General Classification Test and had been developed by Yerkes (1921). It was a 36-item
visual test, published as part of an industrial selection test battery. A similar block-counting
test was included at Level X of the Stanford Binet Intelligence Scale (Terman & Merrill,
1961). Each item featured a three dimensional image of both regular and irregular piles of
blocks, and in each pile, each block was of identical shape and size.
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Christensen (1979) refers to Luria’s use of a simple test of block counting (Yerkes’ Test) as
possibly significant for the assessment of brain dysfunction (p 157). Therefore, some
preliminary studies were conducted to evaluate the properties of the Block Counting Test,
and its sensitivity to brain dysfunction, including the effects of increasing age.
7.3.1

Methods

7.3.1.1

Participants

The scores of 50 older control subjects, with equal numbers of males and females, were
chosen at random from the records of the practice. The database was made up from
candidates for counsellor training. The records were extracted and used to estimate the
reliability of the instrument. There were 25 females with the age mean 48.0 (SD 11.8) and 25
males with the age mean 44.2 (SD 7.1).
7.3.1.2

Materials

The participant was requested to estimate the number of blocks in the pile. The original 36item Blocks group test was reduced to the first 24 items. The candidate studied each item,
and calculated the number of blocks in the pile, making allowance for blocks that were
hidden by other blocks, on top, or in front. Four demonstration items were provided and the
process explained by the examiner, correcting if an error was made. The demonstration items
were not counted in the candidate’s score. The test was timed for five minutes, and the
candidate's correct responses were later recorded.
7.3.2

Results and Discussion

The overall group mean score on the Block Counting Test was 15.6 (SD 4.6). A reliability
estimate by Cronbach’s Alpha gave a reading of 0.85. However, since this reliability
estimate was conducted on participants who had completed the group version of the test, with
a five-minute time limitation, a reliability estimate was conducted on a random selection of
50 older volunteer clients from the doctoral study, using the modified version administered as
an individual test without time limits, for comparison. This latter analysis showed that the
estimate by Cronbach’s Alpha was 0.86. This was considered a result that justified the use of
this instrument in the major study.
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Validation study

It was not known whether this test was adversely affected by increasing age, so a further
study was designed to evaluate the effect of increasing age on the score.
7.3.3.1

Methods

7.3.3.1.2

Participants

Data from 365 candidates (F=280, M=85) were included in this study. The records of those
who had completed the group form of the modified test in a candidate selection assessment
were chosen. Administration followed the same procedure as in the previous study.
7.3.3.2

Results

The results of a regression analysis indicated that age significantly predicted the Block
Counting Test score [F(1,360) = 14.34, p < 0.01]. It was concluded that the test had
satisfactory reliability, and was appropriate for use in the doctoral study.
7.4

Assessment of Verbal Memory

The most useful measure for various verbal memory functions is the Auditory Verbal
Memory Test (RAVLT) originally developed by Rey, and the version used in this study was
the form modified by Geffen and Geffen (2000). Several studies have justified the use of the
Rey verbal learning test with mild head injured subjects (Binder, Villanueva, Howieson, &
Moore, 1993; Fox & Fox, 1997a), with victims of alcohol-related damage (Fox, Jackson,
Waugh, & Tuck, 1987; Jackson, Fox, Waugh, & Tuck, 1987; Waugh, Jackson, Fox, Hawke,
& Tuck, 1989), with children (Forrester & Geffen, 1991; Geffen, Geffen, Bishop, &
Manning, 1997; Geffen, Moar, O’Hanlon, Clark, & Geffen, 1990; Talley, 1986), and with
aging adults (Smith et al., 1992; Vakil & Blachstein, 1993).
The measures of acquisition, retrieval efficiency, temporal order, and the learning curve have
all been offered as measures which are sensitive to prefrontal systems dysfunction (Conway,
Pleydell-Pearce, Whitecross, & Sharpe, 2002; Davis, Trussell, & Klebe, 2001; Delis,
Massman, Butters, & Salmon, 1991; Fabiani & Friedman, 1997; Gershberg & Shimamura,
1995; Hanley & Davies, 1997; Janowsky, Shimamura, & Kritchevsky, 1989; Kolb &
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Wishaw, 1996; Lezak, 1995; Swain, Polkey, Bullock, & Morris, 1998; Walsh, 1985). A
number of studies have indicated that some scores on this instrument reflect the operation of
prefrontal lobe systems in particular. Vakil and Blachstein, (1993; 1994; 1997), Vakil,
Weise, and Enbar (1997), and Vakil and Agmon-Ashkenazi, (1997) have published their
findings after using this instrument across a wide range of normal and damaged subjects.
They have demonstrated the usefulness of a measure of temporal order recall in addition to
the other memory measures for assessing the effects of normal aging. Ivnik, Tangalos,
Petersen, Kokmen, and Kurland (1990) have likewise confirmed the sensitivity of this
measure to normal aging effects, as well as nominating some additional measures. Geffen,
Butterworth, Forrester, and Geffen (1994) reported that all measures from this instrument,
used by their group, were sensitive to memory impairment due to brain trauma. Binder,
Villanueva, Howelson, and Moore (1993) found that trauma victims who were suspected as
having motivational impairment performed poorly on the Recognition measure, compared to
genuine victims of head trauma. The Recognition measure was the one least affected by
suspected damage to prefrontal cortex (Fox & Fox, 1997a; Walsh, 1985).
It was considered wise to obtain a reasonable control group of subjects that could be used for
future analyses. To that end, the following pilot study was conducted in order to obtain such
a control group for the score, Total Learning.
7.4.1

Total Learning

The Total Learning score is the sum of words correctly recalled over five trials.
7.4.1.1

Methods

7.4.1.1.1

Participants

The participants for this study were 173 clients seeking career guidance. The selection of
clients was random, and there were no selection criteria. All clients were attending school, or
technical training college, or a tertiary institution, or were fully employed in a normal
occupation.
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Materials

As a part of the career assessment process, the five learning rehearsals were presented
through an audio-cassette recording, with a different, non-verbal, test inserted between
rehearsals giving a filled delay ranging from three to seven minutes. The client wrote the
remembered words in the answer booklet, immediately following the tape presentation. The
client was reminded in the initial instructions that referring back to a previous response was
cheating, and would be of no assistance to the career counselling process. The score for total
learning was calculated using the correct written responses to the five list presentations. The
resulting means were analysed by Analysis of Variance.
7.4.1.2

Results

Initially, the clients’ records were categorized by age into four groups, 15-16 years (n=50),
17-20 years (n=66), 21-25 years (n=34), and 26-45 years (n=22). The mean performance
level for each of the four groups is detailed in Table 7.2.
Table 7.2 Mean performance (with standard deviations in parentheses) on four career,
control groups categorized by age, for Total Learning.
Test

Total Learning: Mean

Control 1

Control 2

Control 3

Control 4

Age 15-16

Age 17-20

Age 21-25

Age 26-45

60.48 (6.3)

58.7 (7.5)

60.0 (6.9)

56.9 (9.9)

An Analysis of Variance showed that the F ratio was less than 1, indicating that there was no
significant difference between the groups on Total Learning scores across that age range.
Therefore, the four groups could be combined to form a young control group.
7.4.2

Validation Study: Total Learning

The aim of this pilot study was to evaluate the sensitivity of the measure Total Learning,
being the sum of recall over five rehearsals, using two control groups and two experimental
groups.
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One experimental group (TBI) was comprised of victims assessed by the author to evaluate
the effects of closed head injuries; a second experimental group (ETOH) was comprised of
subjects assessed by the author to evaluate the effects of chronic alcohol dependence. One
control group was comprised of males, who had participated in a research study as reported
by Waugh et al. (1989), and who had been clinically evaluated as free from neurological or
other physical disabilities likely to compromise performance. A younger control group was
made up of the young adults used in pilot study 7.4.1.1. above.
7.4.2.1.2

Materials

To have some estimate of the effect produced by intellectual ability, an estimated IQ was
calculated. Each client was assigned a rating based on the client’s performance on the
National Adult Reading Test (Nelson, 1982) for the groups labeled TBI, ETOH and Older
Controls, as converted in the Manual. For the younger control group, the estimated IQ rating
on the full 60-item version of the Compound Series Test (Morrisby, 1979a) was used. From
the total database of 632 clients, the estimated mean IQ was 106.8 (SD 11.5) with a range
from 60 through 130. Any client obtaining an estimated IQ in excess of 130 was categorized
as very superior, and assigned an estimated IQ rating of 130. This modification was
necessary as neither test measures were designed to allocate a rating higher than 130.
The original version of the RAVLT required the examiner to read aloud a list of 15 familiar
words, and then record the words recalled by the examinee. This list is rehearsed over four
more trials, and the number of words recalled over the five trials becomes the score for Total
Learning. Following those rehearsals, an alternative list of 15 words is presented in the same
manner, and the words recalled by the examinee recorded (distractor list). Immediately
following that administration, the examinee is then asked to recall the words from the original
list (short delayed recall). Filled time, using non-verbal tests, then occupies up to 45 minutes,
after which the examinee is again asked to recall the words from the original list to provide a
measure of long delayed recall.
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Then the examinee is given a word recognition task. A sheet on which 50 words are printed,
15 of the original, 15 of the second, and 20 words not previously used, is provided and the
client is requested to identify which of the words appeared in List 1, or List 2, or not used.
Later versions of the test have included a recall of temporal order. Immediately following the
recognition trial, the examinee is given 15 cards on each of which one of the words of the
first list is printed. The examinee is then requested to place the cards in their temporal order
as remembered.
In this study, there were two small variations. In administering the Word Recognition trial,
the words were presented orally, and the client indicated the appropriate response. The other
variation required the client, in the Temporal Order trial, to first sort the cards on which the
words had been printed into two piles, those remembered as falling into the top half, and
those into bottom half. Then the client ordered the first, top, half, and concluded the trial by
ordering the bottom half to produce the single list.
7.4.2.2

Results

Univariate Analysis of Covariance, with gender, age and estimated IQ as covariates, and with
Total Score as the dependent variable, was conducted. The analysis showed that there were
significant differences due to group [F(6,622) = 49.06, p < 0.01], gender [F(1,622) = 8.28, p
< 0.01], age [F(1,622) = 58.19, p < 0.01], and estimated IQ [F(1,622) = 68.53, p < 0.01]. The
group means and standard deviations for Total Learning are detailed in Table 7.3.
Table 7.3 Mean age and Total Learning score (with standard deviations in parentheses) for
four groups.
GROUP
N

TBI
299

ETOH
96

Older Controls
65

Young Controls
173

Age

35.66 (15.0)

48.56 (12.1)

44.75 (9.9)

19.74 (0.5)

Mean TL

43.60 (9.60)

37.29 (9.69)

55.77 (7.99)

59.18 (7.45)

Pairwise comparisons based on the corrected means, with Bonferroni correction set to p <
0.01 for multiple comparisons, revealed that there was no significant difference between the
two “damaged” groups, TBI and ETOH [F (1,390) = 3.10, p > 0.05].
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There was no significant difference between the two control groups, Older Controls and
Young Controls [F (1,232) = 1.39, p > 0.05]. There were highly significant differences
between both “damaged” groups and the two control groups, TBI and Controls [F(1,359) =
96.67, p < 0.01] and ETOH and Controls [F(1,466) = 154.57, p < 0.01].
The score, Total Learning, is sensitive to the effects of brain disorder.
7.4.3

Retrieval Efficiency

This measure was included by Geffen and Geffen (2000), but has been used in this writer's
practice for some twelve years. In the original version of the Queensland Auditory Word
Memory Test, the measure was based on the ratio between the delayed free recall by the
client and the client’s number of correct recognitions with allowance for false recognitions.
The calculation was subsequently simplified to Delayed Recall/Recognition without
allowance for false positive responses. Severe diffuse brain damage depresses recognition as
well as recall, whereas functional deficits of prefrontal systems may significantly
compromise delayed free recall, but usually have little effect on recognition performance
(Bernard, 1990; Butters, Wolfe, Granholm, & Martone, 1986; Fox & Fox, 1997a; Hanley &
Davies, 1997). The score on Retrieval Efficiency may be used as an indicator for
distinguishing diffuse damage from the prefrontal type of damage. To further confirm that
the measure is sensitive to brain dysfunction, a study comparing organically damaged clients
with a group of control subjects was conducted.
7.4.3.1

Methods

7.4.3.1.1

Participants

From the records of the practice, the scores of 129 clients assessed for the effects of head
injury (TBI), and the scores of 131 control subjects were extracted and analysed, to examine
the effect of brain dysfunction on Retrieval Efficiency.
7.4.3.1.2

Materials

The results obtained from the RAVLT, administered as described above in section 7.4.2.1.2,
were examined, and the score for Retrieval Efficiency extracted.
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Results

The scores on Retrieval Efficiency were analysed by an analysis of covariance with gender
and age as covariates. Table 7.4 summarises the data:
Table 7.4 Mean performance (with standard deviations in parentheses) on Retrieval
Efficiency, using two groups, TBI and Control.
Group

TBI

N

129

Control
131

Age Mean

33.5 (13.3)

29.6 (9.6)

Retrieval Efficiency Mean

0.58 (0.25)

0.85 (0.13)

Univariate Analysis of Variance, with age and gender as covariates, indicated that there were
no significant differences due to gender [F(1,256) = 3.28, p > 0.05], or age [F(1,256) = 0.02,
p > 0.05]; but that the difference between Control and TBI on Retrieval Efficiency was
highly significant [F(1,256) = 105.14, p < 0.01].
7.4.4

Band Rating

This is a novel method for evaluating the learning curve produced by the client. As indicated
earlier, the so-called plateau effect is said to be more obvious in the records of victims with
known functional deficits in prefrontal systems. The person with such functional deficits
may or may not have a sound recall on the first rehearsal, but the curve flattens into a plateau
over the last three rehearsals (Ivnik et al., 1990; Walsh, 1985). One preliminary study was
conducted, to demonstrate the sensitivity of the Band Rating to brain disorder.
7.4.4.1

Methods

7.4.4.1.1

Participants

There were four groups. Group 1 were 96 clients who had been assessed for the effects of
chronic alcohol dependence (ETOH) with a mean age 48.6 (12.1); Group 2 were 137 clients
who had been assessed for the effects of traumatic head injury (TBI) with a mean age 33.9
(13.3); Group 3 were 65 older controls who had volunteered for the research control group
reported in Waugh et al. (1989) with mean age 43.9 (7.2); and Group 4 were 93 younger
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controls assessed by the author for career counselling, as detailed in 7.4.1.1., with mean age
25.8 (8.0).
7.4.4.1.2

Materials

Following a method for scoring the Milner Button Maze advocated by Bowden (1984; 1988),
the author subjected the five rehearsal scores of the AVLT to a regression analysis that
yielded two measures, Intercept and Slope. Bowden indicated that the use of natural log
conversions for the scores produced a more consistent and straighter Slope, so each rehearsal,
and rehearsal score, of the client were converted to natural logs before being added to the
regression. In an analysis of clients of the practice, the author obtained a correlation that
indicated a very strong negative correlation between the Intercept score and the Slope score (r
= -0.92). The consequence of this relationship meant that the higher the Intercept, the flatter
was the gradient (Slope), since with the RAVLT, there is a ceiling imposed by the restricted
number of 15 words in the list. The Intercept score was dominated by the number of words
remembered on Rehearsal 1 and the Slope mostly influenced by the scores on the final three
rehearsals. The Intercept score was highly significant for subsequent numbers of words
recalled on the last three rehearsals, due to the ceiling of 15 possible words to be
remembered. For example, it is difficult to identify a plateau effect when the first rehearsal is
low, say just 3 or 4 words recalled, since the remainder of the rehearsals may escalate to 11 or
12 with no obvious flattening. On the other hand, a first rehearsal score of 9 or 10 would
produce a very flattened learning curve since the ceiling score is 15. It would be desirable to
develop a simple equation which distinguished between a normal learning curve for an
Intercept at 9 or 10 and a plateau for the same Intercept; and similarly, an equation which
distinguished the flattened curve for an Intercept at 3 or 4 from a normal curve with the same
Intercept value. Using the means and standard deviations obtained on the Slope scores for
groups of Intercept values, this author developed a table contrasting Slope scores with
Intercept scores. With the Intercept held constant, the range of Slope scores was determined,
such that a normal performance fell into Band 3; borderline performance fell into Band 2, and
a significantly flattened learning curve fell into Band 1. Each client’s rehearsal scores could
then be rated on the gradient as showing a significant plateau or not.
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The measure is similar to a measure proposed by Ivnik et al. (1990), Learning over Trials =
Total Learning – 5*Rehearsal 1 score).
7.4.4.2

Results

The scores of the four groups were analysed by Analysis of Covariance with estimated IQ,
gender and age as covariates, and setting the level of significance to 0.01. Table 7.5
summarises the means for the groups.
Table 7.5 Mean performance (with standard deviations in parentheses) on the Band Rating
measure, using two experimental and two control groups.
GROUP
N

ETOH
96

TBI
137

Older Controls
65

Young Controls
93

Age

48.6 (12.1)

33.9 (13.3)

43.9 (7.2)

25.8 (8.0)

Band

1.57 (0.75)

2.10 (0.80)

2.85 (0.4)

2.90 (0.4)

When analysed by univariate Analysis of Variance, with estimated IQ, gender and age as
covariates, there was no significant effect of gender [F(1,384) = 2.21, p > 0.05] , but
estimated IQ was significant [F(1,384) = 11.56, p < 0.01] and age was significant [F(1,384) =
11.33, p < 0.01]. With allowance for the influence of these covariates, the Band Rating was
significant [F(3,384) = 54.3, p < 0.01]. When Analysis of Variance was conducted on
separate groups, the difference between the mean scores of the two control groups was not
significant [F(1,156) = 0.86, p > 0.05]. However, both control group means were
significantly higher than both of the experimental groups; TBI vs Older Controls [F(1,200) =
50.29, p < 0.01]; TBI and Young Controls [F(1,228) = 82.11, p < 0.01]; ETOH and Older
Controls [F(1,159) = 156.2, p < 0.01]; ETOH and Young Controls [F(1,187) = 238.2, p <
0.01]. Of the damaged groups, the chronic alcohol group obtained a poorer Band Rating than
TBI [F(1,231) = 26.08, p < 0.01], implying that prolonged abuse of alcohol produced a
greater plateau effect.
7.4.5

Temporal Order

This measure is the Spearman Rank Order Correlation between the presented sequence of the
word list and the order as recalled by the client after the Recognition process. A similar
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measure employed by Vakil and Blachstein (1994; 1997) and Vakil et al. (1997), has proved
effective in neuropsychological assessment, and brain dysfunction may adversely affect the
resulting correlation. No pilot studies were conducted on this measure prior to the
commencement of the doctoral study.
7.5

Measures of Non-verbal Memory

Three tests of non-verbal memory performance were used.
7.5.1

Visual Form Discrimination Test

Benton, Hamsher, Varney, and Spreen, (1983) had developed a test for visual discrimination,
which they applied to a number of normal controls, both young and old. The team found no
significant differences due to the age or sex of the subjects, but the subsequent experimental
group of brain damaged subjects found the task much more difficult. Moses (1989) has
compared the copy reproduced from memory with the non-memory recognition task, and
concluded that the copying procedure is a separate skill independent of complex visual form
discrimination. Caplan and Caffery (1996) adapted the discrimination test as a visual memory
test, to compensate for problems experienced by subjects with various forms of motor
impairment who were required to produce a drawn reproduction of the model.
This test is essentially a visual recognition memory test. The client was asked to visually
study a plate (16 items in total) with three geometric figures, for 10 seconds, and immediately
thereafter identify which of four alternatives was the replica of the model. Because of the
limitations of the sample they used, it was not possible to extrapolate from the Caplan and
Caffery results to the clinical population. However, they suggested a cut-off score of 9 out 16
items as a useful measure for identifying subjects with a perceptual/memory deficit. Their
results also suggested that increasing age was an influence on the results, along with
education level and intelligence.
7.5.1.1

Methods

7.5.1.1.1

Participants

Three groups of clients, of equal numbers, were formed from the records of the practice,
namely Young Controls, Older Controls, and a group of older adults, not part of the major
study, referred by a geriatrician for neuropsychological assessment.
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Materials

This adaptation was used in the pilot study, and some preliminary data was available to
justify using the test. In addition, it was known that one of the areas of the brain affected
early in Alzheimer’s Disease is the posterior, right parietal lobe. This part of the brain is
thought to be primarily involved in visual/spatial recognition rather than visual memory
recall, so poorer performance on this test could be a marker for identifying early deterioration
due to secondary aging (Benton et al., 1983; Lezak, 1995). The groups were roughly
matched on the Spot-the-Word score and gender, and the scores analysed by Analysis of
Variance.
7.5.1.2

Results

The results reproduced in Table 7.6 below detail the means.
Table 7.6 Mean age, estimated IQ, and performance (with standard deviations in
parentheses) on Visual Form Discrimination, using three groups.
Group
N

Young Controls Older Controls
17

17

Old Patients
17

Spot-the-Word

11.06 (5.45)

7.12 (3.52)

9.42 (4.49)

Age

25.0 (8.90)

72.6 (6.52)

76.3 (5.87)

Visual Form Discrim

13.1 (2.09)

11.71 (1.76)

7.71 (3.02)

An analysis by Oneway Analysis of Variance on the Visual Form Discrimination scores was
significant for Group [F(2,48) = 24.28, p < 0.01]. The results were then subjected to a posthoc Tukey HSD procedure, with level of significance set at 0.05. This analysis showed
significant differences between Young Controls and Old Patients, and between Old Controls
and Old Patients. On the basis of this result, the modified Visual Form Discrimination Test
was considered a suitable measure for assessing the effects of secondary aging.
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The Visual Form Memory Test

The Visual Form Memory Test has been developed by Fox and Fox (1990) from the format
of Lhermitte and Signoret (Walsh, 1985) and from the format of the Spatial Memory Test of
Kaufman and Kaufman (1983). The test requires a more complex form of visual processing
in which the subject must remember the spatial distribution between two and six visual
symbols on a 3x3 grid. The test places a heavier than usual strain on the visual sketchpad of
working memory. Since the influence of the subject’s working memory capacity is so
significant in the performance, it is proposed that this test may be especially sensitive to
prefrontal systems dysfunction. Similar formats have been used by Malec, Ivnik, and
Hinkeldey (1991), and Shum, Harris, and O'Gorman (2000). Malec et al. reported
measurable decrements in the performance of neurologically and psychiatrically normal older
adults. Shum et al. reported measurable decrements in victims of traumatic brain injury. In
the Visual Form Memory Test, the subject is shown a plate, divided into a nine-square 3x3
grid, on which 2, 3, 4, 5 or 6 symbols are displayed. After exposure for five seconds, the
model is removed, and the subject asked to reproduce the pattern from memory, using the
appropriate tiles from ten provided. The subject has to maintain attention and adequate
working memory, since s/he must remember which of the tiles was used, which of the
squares was used, and which tile occupied which square. Two scores are obtained, namely a
Plates score that measures the number of plates (out of 14) reproduced without error, and a
Positions score that measures the number of correct tiles selected and correctly placed on the
grid. Using 126 victims of traumatic brain injury, Fox & Fox (1997b) assessed split-half
reliability at 0.90.
7.5.2.1

Methods

7.5.2.1.1

Participants

The records of the practice were examined, and two groups were selected, an adult control
group of 64 clients, and a group of 65 clients who had suffered traumatic brain injury.
7.5.2.1.2

Materials

The Visual Form Memory Test was administered and scored in the manner detailed in
Appendix attached to this document.
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Results

The scores of the two groups were analysed by Analysis of Covariance, with age and gender
as covariates. On this occasion, the records also contained the clients' scores on the National
Adult Reading Test, and estimated IQ was included in the analysis as a covariate. Table 7.7
summarises the means for each group.
Table 7.7 Mean performance (with standard deviations in parentheses) on the Visual Form
Memory Test and covariates for each group.
Group

Control

TBI

N

64

65

Estimated IQ
Age
Visual Form Memory

111.9 (8.35)

112.6 (12.61)

41.12 (5.35)

44.12 (10.59)

33.87 (7.07)

22.01 (9.43)

An analysis of the Visual Form Memory scores by univariate ANCOVA, with age, gender
and estimated IQ as covariates was significant [F(1,124) = 55.27, p < 0.01]. This result
indicated that this instrument was a useful measure for brain dysfunction.
7.6

Measures of Performance Speed

Performance speed has long been considered as one function that indicates the decrements
associated with increasing age in adults (Woodruff-Pak, 1997). Since performance speed will
be affected by non-prefrontal factors such as motor disorder after a hand, arm, or shoulder
injury, or tremor, or native language, or expressive aphasia, it was considered important to
find tests which imposed a challenge and which are believed to be adversely affected
primarily by functional deficits in prefrontal systems. Three tests thought to provide this
performance challenge are the Serial Reversals Test (Fox, G. unpublished data) and the Word
Reading and Colour Naming sub-tests of the Stroop Colour/Word Test (Golden, 1978).
Speed in simple motor performance was measured by the reproduction of two alphabetical
letters (Morrisby, 1979b). Speed in a novel task was measured by a reproduction of the same
two letters in a mirror reversal. Speed in a novel, switching task was measured by having the
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subject alternate between the normal letter and its mirror image. Word reading speed was
measured by the Stroop word-reading task. Colour naming speed was measured by the
Stroop colour-naming task; and Colour naming speed, associated with the process of
inhibiting a prepotent response (control of interference), was measured by the Stroop
colour/word task (Golden, 1978).
Additional measures of performance speed were employed for the two tasks of fluid
intelligence mentioned above, the Modified Compound Series Test and the Block Counting
Test.
7.6.1 Sensori-Motor Speed: The Serial Reversals Test
This simple test was adapted from one of the tests in the Differential Aptitude Test Battery
(Morrisby, 1979b). It contrasts a familiar task, a novel task and a switching task. It is
generally agreed that a switching process is mediated by prefrontal systems, and there is
some agreement that adapting to a novel task is also mediated by the prefrontal systems
(Lezak, 1995 p 94 & p 383; Fuster, 1997 p 197-198). Prefrontal systems are not considered
to be critically involved when performing a routine and familiar task.
The familiar task is one which requires the subject to reproduce as many of the letter B, and
later, of the letter Y, in 20 seconds as possible. The novel task is to reproduce, for 20 seconds
each, the horizontal reverse of the letter B, and later, the inverted letter Y. The score SRA is
the familiar letter total, and the score SRB is the novel letter total. In the switching task, the
subject has to reproduce, for 20 seconds each, alternating forms of the letter B (B, reversed B,
B, …), and later, alternating forms of the letter Y (Y, inverted Y, Y, …), yielding the score,
SRC. This task should reflect some aspects of prefrontal function under the pressure of
speeded performance.
7.6.1.1

Methods

7.6.1.1.1

Participants

The test was administered as a group test to 367 candidates who were being screened for
selection to a counsellor training programme. There were no excluding criteria for this
evaluation.
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Materials

The Serial Reversals Test was administered through a tape cassette recording, with
instructions and timing applied through the cassette. Three scores were extracted from these
records – simple letter reproduction speed, SRA, speed in the mirror-reversal task, SRB, and
speed in the alternating, switching task, SRC. Four subgroups were extracted, based on
percentiles for age.
7.6.1.2

Results

The scores were analysed by univariate ANCOVA, with gender as a covariate, and level of
significance set at 0.05. Table 7.8 summarises the means for each group.
Table 7.8 Age means and mean performance (with standard deviations in parentheses) on the
three measures from the Serial Reversals Test, using four age groups.
Variable
N

Age 20-38

Age 39-44

Age 45-49

Age 50-69

99

91

87

90

Age

33.00

41.6

47.2

54.8

SRA

61.1 (8.0)

59.3 (7.2)

57.7 (8.9)

54.6 (8.2)

SRB

49.9 (8.2)

48.6 (8.3)

47.8 (8.1)

44.4 (6.9)

SRC

44.6 (8.2)

42.4 (7.7)

42.1 (8.1)

36.7 (6.4)

Age increase was associated with slower performances on SRA [F(3,362) = 11.02, p < 0.01],
SRB [F(3,333) = 7.75, p < 0.01], and SRC [F(3,333) = 17.60, p < 0.01]. The influence of
gender on performance was most marked on SRC. Differences, on pairwise comparisons,
were greatest between Group 4 on one hand, and the other three groups. These results reveal
the significance of increasing age on these speed-related tasks. The test appeared to be an
appropriate measure of age-related decrement in speed of motor performance.
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7.6.2 Stroop Colour/Word Test: Performance speed
In this test, the original was modified along the lines used by Pachana, Marcopulos, YoashGantz, and Thompson (1997) to reduce the problems imposed by less efficient visual
discrimination in older subjects. In this major study, the colour yellow was not used, and in
its place, a more saturated brown was employed. This had the advantage of using three
monosyllabic colour names. Again, there is a distinction made between speed of reading,
both reading words and naming colours, and the influence of a distractor requiring the
inhibition of a prepotent response, colour name instead of word. In this sense, the strategy is
intended to contrast the speed of completing a familiar task with the speed of reading under
the inhibiting process. The process appears to be comparable to the Serial Reversals Test, but
without the problems that may be associated with a deficit in manual motor performance.
However, there may be some differences in terms of motor speed versus cognitive processing
speed. There may also be a problem for the subject with an expressive dysphasia, or a speech
motor problem such as stammering.
Control over interfering factors has been described as a function associated with the
prefrontal systems (Fuster, 1997). This interference factor is the time taken by the client on
the Stroop Colour/Word task, as mentioned above. There are a number of different tests that
claim to measure the stroop effect, the effect seen in tasks that demand the inhibition of a prepotent response. A review of the influence on performance in the Stroop Colour and Word
Test of the dorsolateral prefrontal cortex is found in West (1996). In his review, West states
that, to date, none of the current models for explaining the deterioration in performance on
the colour naming and colour/word tasks of this test with age, has been able to provide a full
account of age-related increases in the stroop effect, “leaving open the possibility that at least
part of the age-related stroop effect can be attributed to a reduced efficiency of the inhibition
of prepotent response process supported by the DLPFC” (p 287). Most of the explanations
relate to problems of sustaining concentration, dealing with distractions, disambiguating the
items, switching procedure as well as inhibition. Some other studies are reported in
Woodruff-Pak (1997), Filipp (1996), and Fuster (1997).
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Since this test has been widely recognised as sensitive to the effects of brain dysfunction,
especially dysfunction associated with primary aging, no preliminary studies have been
conducted to evaluate the measure for this purpose.
7.7

The Hand Movement Test

From the time of Luria’s investigations, some credence was given to the influence of the
prefrontal cortex on hand movements. Prior to that, the main measure used for apraxia was
one which required the subject to mime actions related to a familiar process such as making a
cup of tea. Luria (1973) had indicated that sequential hand movements, replicated by the
subject immediately after the model provided by the examiner, were disrupted in terms of
sequence after damage to the dominant prefrontal cortex. Since all motor behaviour must
traverse the systems of the prefrontal cortex prior to translation into movements through the
premotor and supplementary motor cortices, it seemed reasonable that the test would be
sensitive to prefrontal system dysfunction. Prior research by the author had indicated that
damage to the brain as a result of chronic alcohol abuse and mild traumatic head injury
adversely affected performance on this simple test (Fox & Fox, 2001).
Similarly, Sawaki, Yaseen, Kopylev, and Cohen (2003) have reported on age-related changes
in the ability to encode a novel elementary motor memory. These researchers concluded that
the ability of the healthy aging motor cortex to reorganise in response to training decreases
with age. They demonstrated this through an ingenious method that examined the response
of the thumb, after training, to transcranial magnetic stimulation. Using 55 healthy subjects,
they identified a substantial decrease in training-dependent plasticity as a function of age.
7.7.1

Methods

7.7.1.1

Participants

From the records of the practice, 148 records were selected and three clinical groups were
formed. The adult control group was composed of some older subjects, age greater than 49
years, in the research study by Waugh et al. (1989) plus some older clients of the practice
who had presented without a history of brain dysfunction. A second group was composed of
clients with a history of chronic alcohol dependence.
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A third group was composed of subjects who had sustained a traumatic brain injury. The
fourth group was composed of clients assessed because of age associated with memory
deficits.
7.7.1.2

Materials

The Hand Movement Test is a part of the Kaufman Assessment Battery for Children, and is
administered by the author in most child and adult clinical assessments. All 21 items are
administered routinely.
7.7.2

Results

The records of these participants were examined, and data related to age, gender and
estimated IQ were extracted. The results were subjected to an Analysis of Covariance, with
age, gender and estimated IQ as covariates and with Bonferroni corrections set at 0.05. Table
7.9 summarises the means for each group.
Table 7.9 Age, estimated IQ and mean performance (with standard deviations in
parentheses) on the Hand Movement Test, using three clinical groups and a control group.
TBI
N

21

Alcoholics

Patients

Controls

57

30

40

57.5 (5.4)

71.2 (8.7)

60.3 (8.3)

Age

60.1 (7.3)

Estimated IQ

113.9 (11.8)

105.8 (9.3)

110.0 (12.2)

114.3 (12.1)

11.5 (3.6)

12.2 (2.7)

9.6 (3.0)

16.3 (2.7)

HMT

There was an overall significant difference due to Group, [F(3,141) = 26.12, p < 0.01]. Using
pairwise comparisons based on the estimated means, all three clinical groups’ scores were
significantly lower than those of the control group, but not significantly different from each
other: Controls and TBI [F(1,56) = 41.17, p < 0.01], Controls and Alcoholics [F(1,92) =
63.56, p < 0.01], Controls and Patients [F(1,65) = 48.46, p < 0.01], TBI and Alcoholics
[F(1,73) = 0.81, p > 0.05], TBI and Patients [F(1,46) = 0.66, p > 0.05], and Alcoholics and
Patients [F(1,82) = 3.85, p > 0.05]. These results confirmed that the HMT is a useful
measure in the assessment of brain dysfunction.
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The Gestalt Closure Test

This is another test developed by Kaufman & Kaufman, and included in the Assessment
Battery for Children. Lezak (1995) refers to closure tests as having relevance to
neuropsychological assessment, though she is more impressed with the closure test’s
sensitivity to the effects of age. If Lezak’s conclusion is confirmed, then such a closure test
would certainly be useful for identifying, within the normal group, the differences that could
be related to decrements associated with increasing age. Using results from 147 clinical
subjects, Fox and Fox (1997b) established the test's reliability as 0.82 on Cronbach's Alpha.
7.8.1

Methods

7.8.1.1

Participants

The results of 68 clients of the practice, with no record of brain disorder, and 70 clients with a
history of traumatic brain injury, were selected from the records. All had completed the
Gestalt Closure Test as part of an assessment.
7.8.1.2

Materials

The Gestalt Closure Test has 25 items featuring fragmented silhouettes of common objects
that are familiar to young children. The examinee is requested to name each object, with no
time constraints.
7.8.2

Results

The results were analysed by univariate Analysis of Covariance, with age, gender and
estimated IQ as covariates, and with significance set at 0.05. Table 7.10 summarises the
means for each group.
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Table 7.10 Age, estimated IQ, mean performance (with standard deviations in parentheses)
on the Gestalt Closure Test, using trauma clients and controls.
TBI
N

70

Controls
68

Age

44.1 (10.6)

41.1 (5.4)

Estimated IQ

112.6 (12.6)

111.9 (8.4)

Gestalt Closure Test

20.1 (3.2)

21.7 (2.3)

The univariate Analysis of Covariance showed a significant overall effect of Group [F(1,124)
= 4.79, p < 0.05]. Age and estimated IQ were significant covariates, age [F(1,124) = 13.20,
p < 0.01], and estimated IQ [F(1,124) = 4.01, p < 0.05].
It was concluded that this measure could prove useful in the wider study.
7.9

Familiar Faces Test

Recently, research has been conducted into both the recognition of the faces of celebrities,
and the phenomenon now referred to as Proper Name Anomia, the latter being the term
employed for the difficulty experienced by older adults in particular in recalling the name of
a person they have clearly recognised. While there is little evidence to associate this specific
deficit with prefrontal systems dysfunction, the condition is sensitive to the effects of
advanced age (Greene & Hodges, 1996b; Hodges, & Graham, 1998; Hodges, & Greene,
1998; Hodges, Salmon, & Butters, 1993). Since the ability to name familiar faces is thought
to reflect the ability to retrieve information from a semantic store, memory retrieval deficit
should be reflected in this score. However, it was possible to make a distinction between
recall and recognition, and a recall deficit without a recognition deficit, as expressed above, is
known to be associated with brain disorder, especially that associated with prefrontal systems
dysfunction. Greene and Hodges (1995; 1996a), and Hodges, Salmon, and Butters (1992;
1993) have reported on the memory deficits associated with face recognition in victims of
dementia. Simons, Graham, Owen, Patterson, and Hodges (2001) have investigated the
perceptual and semantic components of memory for objects and faces through Positron

Aging and Prefrontal Functions

Page 79

Emission Tomography studies. Young, Newcombe, de Haan, Small, and Hay (1993)
published extensive data on the effects of penetrating injuries on identifying faces. All of the
studies relate face identification and naming to various brain disorders, and proper name
anomia seems to be a significant factor in the performance of dementing patients.
While the test was developed by the author primarily as a measure to identify participants
who suffered from prosopagnosia, the evidence of previous research described above
suggested that a measure for proper name anomia may be useful in this study.
The author prepared a Familiar Faces Test as an appropriate test for identifying the faces of
celebrities. In brief, a set of 36 famous faces in the form of photographs was gathered into a
folder. Four of the faces should have been quite unfamiliar to every subject, to act as a screen
for unrealistic judgments. The celebrities were drawn from four general categories, politics,
sport, music, and general entertainment, with an 18 to 14 split males-females, and a 16 to 16
split in terms of recent and remote time brackets. There was no clear definition of the time
distinction. Recent referred to celebrities who were currently in the public eye, such as John
Howard and Tiger Woods. Remote referred to celebrities who were largely removed in terms
of their period of fame such as John Curtin and Marjorie Jackson. All but the four distractors
should have been familiar to Australian subjects who are alert to world and local events.
Each subject was tested individually. The photograph of the celebrity was placed before the
subject, who was asked to indicate if the person was familiar, after the instruction, "Do you
recognise that face?”. If the subject affirmed familiarity, then the subject was asked to name
the person. If the correct name was provided, a score of 2 points was recorded for that item.
However, if the subject expressed no recognition, the next item was exposed. If the subject
expressed familiarity, but could not recall the name, then the subject was requested to identify
which of the four categories applied to that person. If the celebrity was assigned to a correct
category, then four alternative names were presented, and one was selected by the subject. If
the selection was correct, a score of 1 point was recorded for that item. If incorrect, then the
item was scored 0.
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Four scores are employed, a Total Score representing the subject’s overall accuracy in
recognising and naming celebrities, a Recent Score representing the subject’s ability to
recognise and name current celebrities, a Remote Score representing the subject’s ability to
recognise and name celebrities from former generations, and a Cued Recognition Score
representing the subject’s ability to name a recognised face when provided with four
alternative names. No preliminary experiments were conducted using this instrument.
7.10

Facial Emotion Identification

Since prefrontal systems are so closely connected to the limbic systems, and since these
circuits are so crucial to survival, some measure of emotion perception should be included in
this study. Young, Newcombe, de Haan, Small, and Hay (1993) have demonstrated the
relationship between emotion and brain damage, and subsequently, Young (1997) prepared a
special technique for evaluating the responses of control and damaged subjects to computermanipulated facial expressions of emotion. While it seemed plausible that such a skill would
be adversely affected by prefrontal systems dysfunction, there was no certainty that the
results would be related either to the decrements of increasing age or those of pathological
aging. The final test instrument for inclusion was one that measured the recognition of the
facial expression of emotion. Young et al. (1993), Young (1997), Phillips, Young, Senior,
Brammer, Andrews, et al. (1997), Phillips, Bullmore, Howard, Woodruff, Wright, et al.
(1998), Phillips, Fahy, David, and Senior (1998), Phillips, Medford, Young, Williams,
Williams, et al. (2001), Phillips, MacLean, and Allen (2002), Williams, Phillips, Brammer,
Skerret, Lagopoulos, et al. (2001), Phelps, O’Connor, Gatenby, Gore, Crillon, Davis, et al.
(2001), have all published studies establishing a relationship between brain disorder or injury
and the recognition of emotional facial expressions. Young, in particular, has demonstrated
the relationship of emotional expression to neurological disease such as Parkinson’s.
Research on the recognition of facial emotional expression indicates that accuracy of
perception may be closely related to different central brain mechanisms, predominantly the
amygdala/hippocampal system. Young’s studies have identified the influence of a
neurological condition such as Huntington’s Disease, and brain damage resulting from
penetrating head injuries. Since it is known that the amygdala/hippocampal systems are
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compromised by the effects of increasing age (Herzog & Kemper, 1980; Woodruff-Pak,
1997), and since brain disease has been shown to adversely affect the recognition of some
emotions more than others, it seemed reasonable to conclude that this measure would be
useful in the study of aging. It remains to be demonstrated that the effects have a relationship
to prefrontal functions, but the concept of circuits involving the limbic and prefrontal systems
makes the hypothesis of a prefrontal influence feasible.
The author was granted permission by Professor Young to use the computer-manipulated
images he and his colleagues had used in their research. The 30 facial images were copied
from the published paper (Young, 1997), reproduced and presented on individual cards. The
original prototype faces for six emotional facial expressions in the Ekman and Friesen 1976
series, happiness, surprise, fear, sadness, disgust and anger, were manipulated to produce
expressions of varying intensity and ambiguity. Young stated,
Continua shown form an ‘emotion hexagon’ running from happiness-surprise,
surprise-fear, fear-sadness, sadness-disgust, disgust-anger, anger-happiness. In each
row, the leftmost image has 90 percent of the prototype expression corresponding to
the left end of the row, then 70 percent, 50 percent, 30 percent and 10 percent” (p
449).
In this administration, the examinee was given a card on which was a face expressing one of
the emotions, and asked to assign that card to the appropriate box representing that purported
emotion. The 30 cards were individually assigned to the appropriate emotion-box. The
protocol was scored on the number of correct assignments, giving scores for each emotion
and a total score of correct assignments.
No preliminary experiments were conducted to test the usefulness of this measure, but the
published research clearly justified such a decision.
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CHAPTER EIGHT: RESEARCH METHODS AND DATABASE
The author has developed a programme that is specific to the general field of brain functions
and functional disorder. The participants have been drawn primarily from the clientele of the
practice, most of whom had been referred for assessment to clarify the nature of a disorder,
and to suggest solutions to be considered. A smaller group of enlisted volunteers from the
general community provided a reasonable comparison group as controls. The general field of
enquiry was brain dysfunction as a result of some insult occasioned by birth or congenital
problems, illness that compromises brain functions, stressful experiences that cause transient
or permanent dysfunction, accidents that traumatise the brain, and life conditions, such as
increasing age, that lead to the deterioration of brain systems. The more specific field of
enquiry was age-related disorders, within the specialty of what has been termed geriatric
neuropsychology.
Of particular interest is the issue of what happens to human brain function with increasing
age after 50 years of life. The hypothesis proposed is that there will be a gradual loss in
certain neuropsychological functions, correlating to the observed deterioration of brain
systems, for example the amygdala, hippocampus and prefrontal cortex. These latter
conditions have been identified by a variety of physiological, biochemical and radiological
studies as detailed in chapter 5 above. It is further anticipated that the effects of primary
aging would show some similarities to the effects of certain forms of brain trauma such as
closed head injury. This assumption was based on the evidence that the most common form
of brain damage following traumatic brain injury, particularly that which follows rapid
acceleration and deceleration, is diffuse axonal damage. This type of damage has its primary
effect on white matter within the sub-cortical structures, and leads to various forms of
disconnection (Levin, Benton, & Grossman, 1982; Povlishock & Coburn, 1989). In a similar
manner, Rodriguez and Alvarez (2003) have completed a study comparing the
neuropsychological effects of primary aging on 46 normal elderly subjects and the
neuropsychological effects of AIDS on 36 young patients. They concluded that their results
support the notion that neuropsychological changes related to normal aging are of a nature
similar to those observed in AIDS and, therefore, affect functions subserved by frontalsubcortical brain regions. Further confirmation for this proposal was indicated in Chapter 2
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above, namely in the study conducted by Bartzokis et al. (2003). These researchers have
claimed that their imaging studies on the effects of aging showed a gradual decline in frontal
lobe white matter volume consistent with post-mortem evidence of deterioration in the
structural integrity of myelin sheaths, especially in late myelinating regions such as the
frontal lobes. In other words, the effects of the damage may be diffuse, even though the
focus of the damage is relatively circumscribed.
Finally, it is proposed that the effects of pathological conditions included in the general
category of secondary aging will be similar to the effects of a more generalised brain
pathology such as generalised intellectual deficit (van der Flier et al., 2002). These latter
researchers, using volumetric magnetization transfer imaging, claimed to demonstrate that the
cognitive decline of patients with mild cognitive impairment and Alzheimer’s Disease was
associated with widespread structural brain damage, and that pathology in Alzheimer's
Disease and mild Cognitive Impairment was much more generalized than expected.
8.1

Methods

8.1.1 Participants
In all, over 300 individual records were included in the initial evaluation. To broaden the
field and to make the population as close as possible to those people evaluated by a
psychologist in a private practice, most of these participants were clients of the practice.
Fifty-one clients who had been referred to the practice for a variety of relatively minor
discomforts or for counselling about career prospects, and whose age was less than 60 years,
were selected to form a group of Young Controls. Sixty-two volunteers who were older than
50 years, with a proportion of these volunteers drawn from a commercial client’s employees
approaching retirement, and volunteers who had responded to an invitation by the author,
were selected to form a group of Old Controls, that is, examples of primary aging. Fortyeight participants who had been referred to the author by medical practitioners specifically
for appraisal in relation to a condition that could be one of the dementias, were selected to
form the Pathology group, that is, examples of secondary aging. Eighty-three participants
who had been referred to the practice for a neuropsychological assessment as the result of
head trauma or brain related injury such as stroke, most of whom were younger than 70 years,
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formed the Traumatic Brain Injury group, that is, examples of more circumscribed organic
damage. A comparison between a group with more global intellectual impairments and a
group of adults thought to be members of the secondary aging group, could contribute a
better understanding of the effects of a dementing disorder on brain function. Accordingly,
38 participants who had been referred to the practice for evaluation and confirmation of a
severe learning disability associated with a probable congenital abnormality, were selected to
form the Educational Sub-Normal group, that is, examples of a more global impairment.
8.1.1.1

Volunteers

There was no attempt to select volunteers on the criterion of freedom from pathology.
However, all lived independently, and participated in the normal range of social and
community activities. Some had a history of illness or disorder, such as a period of alcohol
dependence, or NID diabetes, or mild cerebral accident or similar mild disorder associated
with normal aging. It was not the intention of the author to create a healthy and somewhat
exclusive control group. The volunteers represented a good cross section of the normal aging
population drawn from both metropolitan and rural communities, and none was suspected of
suffering from a pre-clinical form of dementia. However, since a broad range of the
measures was considered necessary for a sound evaluation, some of these participants had to
be excluded because enough of these measures had not been completed in their assessment.
A young control group was selected from the records of the practice, as outlined in previous
studies. The database was further modified so that no subject in the Young Control group
was older than 59 years. Clients of the practice, and volunteers, whose age was 60 years and
older, comprised the Primary Aging group. The database on which the following
experiments were conducted was therefore composed of 184 subjects from five groups. Age
ranges for all groups were as follows:
The 51 Young Control Group had a mean age of 36.7 yrs (SD 15 yrs);
The 22 Primary Aging Group had a mean age of 72.0 yrs (SD 7 yrs);
The 31 Secondary Aging Group had a mean age of 73.1 yrs (SD 11 yrs);
The 42 Traumatic Brain Injury Group had a mean age of 38.9 yrs (SD 13 yrs);
The 38 Education Sub-normal Group had a mean age of 30.7 yrs (SD 12 yrs).
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Since no specific criterion for exclusion was used, other than the above, it is important to
identify the conditions from which the participants suffered.
8.1.1.2

The Young Control Group

Fifteen of the Young Control group had self-referred to the practice for advice about their
career opportunities, or counselling about a possible change of career. Since this programme
provided relevant information about their skills and general orientation, namely verbal,
visual, motor, and personality, the author commonly combined this assessment with an
assessment of vocational interests, and explored the client’s alternatives. None had attended
for an assessment of any mental disorder or cognitive problems. Thirteen of the Young
Control group had either come by referral, or by self-referral, because of some generalized
depressed mood. None of these presented with any clinical evidence of significant mental
disorder, either through the referee’s observations or the pre-assessment interview. Eleven of
the Young Control group had a history of some medical disorder, such as a small CVA,
cancer, hypertension, a short hypoxic episode, or coronary condition. None had complained
of symptoms that could have indicated a significant brain disorder, though it is possible that
some may have suffered some form of mild disorder. Nine of the group had a history of
some associated injury, such as a back injury, and were seeking feedback concerning their
occupational alternatives or sequelae such as persisting pain. Others were pursuing litigation
for compensation, but none complained of having suffered a head injury with residual
problems. Three of the group presented with a history of an earlier period of alcohol abuse,
but each was confident that the dependency had not continued, and there was no complaint of
any cognitive disorder. Again, it is possible that one or more may have experienced some
mild residual problems.
8.1.1.3

The Primary Aging Group

Eleven of the Primary Aging group were screened through the initial interview, and none of
these reported any significant symptoms that suggested memory disorder, or visualperceptual difficulties, or deficits associated with behaviour initiation, planning or
organisation. All were actively employed, or if retired, fully independent and appropriately
involved in community activity. Those who were employed by the commercial client held
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executive positions in their employing organisation. Six of the group, from the preliminary
interview, had indicated that they had experienced a cerebro-vascular incident, or had
experienced a possible seizure. Their medical practitioners considered that the condition had
been controlled. Finally, five of the group had reported typical age-related disorders such as
mild recurring depression, diabetes, coronary treatment, hypertension and a previous history
of alcohol dependency.
8.1.1.4

The Secondary Aging Group

Eighteen of the Secondary Aging group had been referred to the practice by the Geriatrician,
or the client’s General Practitioner, because of symptoms suggesting an early stage of a
dementing disorder. Federal legislation had indicated that, to obtain pharmaceutical benefits
for the newer drugs of treatment, the patient had first to undergo an objective assessment of
their condition. If the Mini Mental State Examination (Folstein, Folstein, & McHugh, 1975)
score was 25 or greater, a more detailed examination is required. The referrals to the practice
were primarily of the type that required the more detailed assessment, and the research
assessment was combined with the assessment required by the referee, the Alzheimer’s
Disease Assessment Scale (Rosen, Mohs, & Davis, 1984). Some of this group may have
been showing evidence of primary aging only, but in the referee’s opinion, the condition was
suggestive for dementia. Seven of the group were reported to exhibit clinical symptoms that
suggested to the referee that the patient was probably in an early stage of dementia.
However, the referral was not of the PBS drug benefit type applying to the previous group.
Six of the group had definite medical evidence of a deteriorating disorder such as vascular
dementia or alcohol-related dementia.
8.1.1.5

The Traumatic Brain Injury Group

It is unnecessary to detail all of the background relating to injury severity, sites of imaged
damage, nature of complications and so on. The assumption made by the author is that, if the
injury was associated with acceleration-deceleration forces, then some of the prefrontal
functions will have been adversely affected. All reported an injury involving
acceleration/deceleration, usually associated with a motor vehicle accident or fall from a
height that had involved a head injury. For general convenience, the severity of the injury
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was represented under 4 general headings, namely, Brain injury confirmed by MRI or CT
scan, 13 clients; Estimated Post Trauma Amnesia greater than 23 hours, 11 clients; Estimated
Post Trauma Amnesia less than 24 hours, 6 clients; No objective evidence of Post Trauma
Amnesia, 12 clients.
In the opinion of the author, none of the clients presented as simulators of disorder, since the
programme includes a number of subtle indices that raise a suspicion of malingering or
simulating. While only a few of these were now working in a competitive, normal
occupation, none was required to be hospitalized, and none was a long-term patient in
rehabilitation.
8.1.1.6

The Educationally Sub-normal Group

Due to the variety of disorders that had contributed to the disability of the Educationally Subnormal group, and the problems associated with assessing such clients because of their
reading and concentration deficits, it was not possible to administer the same premorbid
ability measures to each. The measure employed for the other participants would also have
required reading skills beyond the capacity of these clients. The test of first choice was the
Kaufman Brief Intelligence Test (Kaufman & Kaufman, 1990) that gives three IQ ratings,
Verbal, Non-verbal, and Composite. Alternatives were the Peabody Picture Vocabulary Test
– III (Dunn & Dunn, 1997) and the Standard Progressive Matrices (Raven, Court, & Raven,
1976). When the latter two tests were used in combination, a full scale IQ was estimated
using the table in the Manual for the Kaufman Brief Intelligence Test. Reading disability was
assessed where possible, using the Wide Range Achievement Test - 3 Word Reading subtest
(Wilkinson, 1993).
The statistics from a descriptive analysis are summarised in Table 8.1.
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Table 8.1. Age, Educational Level, IQ Scores and Reading Level of the educationally subnormal group (with SD in parentheses).
Test

Females

N

Males

N

Age Mean

33.9 (12)

16

29.1 (12)

22

8.1 (1.3)

15

8.2 (1.3)

22

Verbal IQ

75.8 (9.4)

15

76.1 (14.2)

22

Non-Verbal IQ

72.1 (9.7)

15

74.8 (10.8)

22

Full Scale IQ

72.3 (9.3)

15

73.0 (10.9)

22

Word Reading Standard Score

68.6 (12.6)

11

64.3 (13.5)

19

Yrs Education

When these data were submitted to an Analysis of Variance for the 6 variables, there were no
significant differences due to gender [F (1,36) less than 1.5 for all variables].
The history of each client from the educationally sub-normal group was studied to evaluate
the possible causes of their disabilities. All of the 38 clients had a history of educational
deficits from primary school age. Ten of the group had presented with a history of known
educational problems but no specific cause for the problems had been indicated in the
records. Six of the group were also considered to be essentially illiterate in addition to the
educational problems. Nine of the group had a medical history, hyperplasia, hypoxia at birth,
etc., that could have contributed to the problems. Six of the group had a record of seizures
suggesting that the origin of the problems lay in some form of brain disorder. Two had been
referred on suspicion of suffering from a schizophrenic disorder. Five of the group, in
addition to the long history of learning disabilities, had also probably suffered complications
due to at least one traumatic head injury and/or a history of alcohol abuse.
8.1.2 Materials
The assessment followed the normal clinical procedure. The client was welcomed and made
to feel as comfortable as possible. No attempt was made to exclude a carer, parent or partner
from the assessment room unless this was indicated as desirable for the client. General
identification data were recorded, and the purpose of the assessment explained. Volunteers
were provided with the appropriate written information, and written consent was formally
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indicated. In most cases, a brief developmental biography was recorded, such as educational
background, subjects studied, career progress, and any record of illness or injury. Generally,
the family background such as parental occupations was recorded. The assessment
instruments were introduced, and administered usually in a standard order. However, in
clinical practice, for some clients, some tests are impossible to administer, and/or the order of
administration may be varied. At the conclusion of the assessment, the client and
carer/parent/partner if present, received a brief summary of the results. For clinical referrals,
a written report was prepared and submitted to the appropriate referring person or agency.
8.2

Analyses

All clients were allocated an identification number, and where appropriate, the formal
approval for using the assessment data in the research was obtained. The database was
recorded on a Personal Computer, and clients were identified only as ID numbers. Statistical
analyses were completed using SPSSPC, Version 10 (Student). After making any necessary
conversions, for example, raw scores to an estimated IQ, the data were analysed using
Principal Components Analysis, Discriminant Analysis and univariate Analyses of
Covariance.
To further evaluate the nature of these age-related deficits, two further comparison groups of
clients were selected. One group was composed of clients who had been referred for
assessment following a traumatic brain injury; the other group was composed of clients with
a significant history of educational problems, due primarily to a global intellectual
impairment. These groups were chosen to represent two types of brain disorder. One type of
disorder was considered to be the consequence of more discrete or focal brain damage,
though possibly with diffuse effects, and the other to be the consequence of a long-standing
and more global impairment.
It was proposed that the effects of primary aging were qualitatively similar to the effects of
the more focal type of damage, for example, damage to connections between the subcortical
structures and the prefrontal cortex, while the effects of secondary aging were qualitatively
similar to the effects of global brain impairment such as significant intellectual impairment.
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CHAPTER NINE: SERIES ONE
9.1 Phase One, Series One
9.1.1

Aim

The first phase of the analysis was conducted to identify which of the tests employed in this
research were most sensitive to the cognitive changes associated with increasing age.
9.1.2 Methods
9.1.2.1 Participants
From the total database of subjects used in this research, four groups of 13 participants
matched on estimated IQ were selected. This could represent less than “best practice” in
research, since these same subjects were included in the major analyses. However, some
allowance had to be made for the limitations imposed by Real World Research, in the form of
a restriction of subjects for the analyses, and the unfortunate situation that not all subjects
were able to complete all of the tests. However, the research design included a considerable
variety of scores, all of which could theoretically be sensitive to prefrontal lobe dysfunction,
and the purpose of this matched task was to identify the better measures, reduce the
complexity of the evaluation, and avoid obtaining spurious results because of the
heterogeneity of the overall database. To counter the claim that the subsequent significant
differences were due to the inclusion of subjects who already had given the big differences in
the matched study, a further pilot study was done post hoc replacing the subjects that had
been included in the matched study, and reported later in Chapter 11.
Univariate Analyses of Variance with four levels (Young Controls, Young-old Controls, Oldold Controls and Secondary Aging) were conducted on the scores for each
neuropsychological test discussed previously. To better gauge the effects of increasing age, a
young-old group had been selected to bridge the gap between the young group and the old
group. Three of the groups varied on age: Young Controls (mean age 23.9 years, SD=8.5),
Young-old Controls (mean age 51.7 years, SD=6.5), Old-old Controls (mean age=75.7 years,
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SD=5.8) and a Secondary Aging group (mean age=76.9, SD=5.6). The mean ages of the
Old-old control and the Secondary Aging groups were not significantly different.
9.1.3 Results
The scores were analysed by univariate Analysis of Variance with four levels as before. To
specify the strength of associations between the dependent and independent variables, the
measure of association (eta) was also recorded for each of the variables used in the analysis.
The mean level of performance on each test, for the four groups, is presented in Table 9.1.
The results show that some tests appear to be more sensitive to the effects of increasing age
than others. Scores on seven of the tests, the Modified Compound Series Test [F(3,48) =
9.47 p < 0.01], Total Learning [F(3,48) = 34.59 p < 0.01], Band [F(3,48) = 26.03 p < 0.01],
Retrieval Efficiency [F(3,48) = 17.79 p < 0.01], Visual Form Memory [F(3,48) = 12.29 p <
0.01], Gestalt Closure [F(3,48 = 15.09 p < 0.01] and Facial Emotion [F(3.44) = 4.65 p < 0.01]
show an apparently increasing decrement from Young Control, to Young-old, to Old-old, to
Secondary Aging groups. While this decrement may not be statistically significant when
applied to each control group in comparison to each other control group, the progressive
decline of scores indicates a consistent tendency for age to have an adverse effect across the
three control groups analysed. This implies that these seven tests identify this progressive
decrement, while the other tests may only begin to register the decrement when the subject is
much older. This is consistent with the conclusion reached by Bartzokis et al. (2003), “The
R2 changes in white matter suggest that the healthy adult brain is in a constant state of
change, roughly defined as periods of maturation continuing into middle age followed by
progressive loss of myelin integrity” (p 393). The Young-old group represents the middleage group at the early stage of that progressive loss.
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Table 9.1 Mean performance (with standard deviations in parentheses) on each of the
neuropsychological tests for the four groups matched on the basis of estimated IQ, with the
degree of association, Eta, for each comparison. Results in bold reflect a progressive
decrement.
Test

Estimated crystallised IQ

Young

Young-old

Old-old

Secondary

Control

Control

Control

Aging

group

group

group

Group

Eta

115

(9.9)

118 (11.2)

124

(6.2)

119

(9.4)

0.34

MCST

13.8

(2.6)

12.7 (3.1)

11.2 (3.2)

8.6

(2.4)

0.61

Block Counting

16.9

(4.9)

18.3 (4.0)

16.8 (4.7)

10.8

(6.5)

0.51

52.1

(8.4)

45.6 (7.2)

44.2 (4.1)

27.4

(5.2)

0.83

Band

2.6

(0.6)

2.3

2.2

1.0

(0.0)

0.79

Retrieval efficiency

0.67 (0.2)

0.64 (0.2)

0.62 (0.2)

0.21

(0.1)

0.73

Temporal order correlation

0.74 (0.2)

0.54 (0.2)

0.72 (0.2)

0.32

(0.2)

0.66

(2.6)

15.8 (2.0)

14.0 (3.4)

10.5

(3.8)

0.58

Visual Form Discrimination 13.3 (2.4)

11.5 (3.1)

11.6 (2.1)

8.4

(3.1)

0.56

Visual Form Memory

Fluid intelligence

Verbal Memory
Total learning

Hand Movements

15.5

(0.6)

(0.4)

Non-verbal memory
34.7

(7.6)

29.1 (9.4)

28.5 (7.4)

10.6

(8.8)

0.75

Serial Reversals A

50.5

(9.7)

54.6 (8.6)

43.6 (6.4)

33.7

(7.8)

0.71

Serial Reversals B

38.8

(7.6)

42.6 (7.9)

32.2 (5.4)

26.0

(5.0)

0.69

Serial Reversals C

36.1

(9.8)

38.4 (9.0)

27.6 (3.9)

22.9

(4.5)

0.65

22.4

(1.9)

20.0 (2.4)

18.5 (3.9)

13.5

(4.9)

0.70

Stroop-Colour

31.8

(5.0)

32.1 (6.0)

32.5 (3.0)

43.6 (10.6)

0.61

Stroop-Colour/word

57.9 (16.2)

55.1 (9.0)

66.4 (9.4)

102.1(37.5)

0.67

Facial emotion identification

22.8

(3.0)

21.8 (4.3)

20.4 (4.4)

17.2

(4.2)

0.49

Proper name recall

0.26

(0.2)

0.23 (0.1)

0.35 (0.1)

0.43

(0.2)

0.49

Speed of processing

Visuo-spatial processing
Gestalt Closure Test
Interference control

Using all variables was thought to be unnecessary, so only the most useful were selected. For
example, the score on Proper Name Recall was intended to investigate a value that was
similar to that measured in Retrieval Efficiency, namely a measure of the relationship
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between recall and recognition. Facial emotion identification did not appear to be any more
effective as a specific memory task than either Retrieval Efficiency or Proper Name Recall.
An examination of the results indicated that 12 sub-tests returned an Eta-value greater than
0.60. This value was sufficiently high to suggest good discrimination, and these 12 sub-tests
were selected for the final research study. These were the Modified Compound Series Test,
Total Learning (RAVLT), Band (the Band Rating of the RAVLT), Retrieval Efficiency (ratio
of recall to recognition of the RAVLT), Temporal Order Recall (recall of temporal order of
the RAVLT), Visual Form Memory, Serial Reversals A, Serial Reversals B, and Serial
Reversals C, Gestalt Closure Test, Stroop Colour (Stroop Colour Naming), and Stroop
Colour/Word (Stroop Colour/Word Interference).
9.2

Phase Two, Series One

9.2.1

Aim

The aim of this phase was to identify the principal components of the test programme.
9.2.2 Methods
9.2.2.1 Participants
Using the whole database, the results of the three groups, Young Controls, Primary Aging,
and Secondary Aging, were extracted. At this stage of the analysis, only these participants
were selected, since the contrasts between primary aging and secondary aging were the main
purpose of the study. A middle age group was not considered necessary for this analysis. The
two other experimental groups identified in the introductory chapters were to be used in a
later analysis as part of a further study to follow (Chapter 10).
9.2.3 Results
The scores of participants on the 12 subtests with eta > 0.60 were selected for analysis as well
as two additional subtests, the Visual Form Discrimination Test, to increase the number of
sub-tests that measured visual processing, and the Word Reading subtest from the Stroop
Colour/Word Test as this measure forms part of the test. This gave a working total of 14 test
scores to be included in the Principal Components Analysis. Details of the three groups
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were, Young Control, mean age 36.73 (SD = 14.96, n = 51), Primary Aging, mean age 72.95
(SD = 6.99, n = 22), and Secondary Aging, mean age 73.06 (SD = 11.32, n = 31).
The PCA was carried out on the correlation matrix with varimax rotation of factors, using
SPSSPC Version 10. Since in broad theoretical terms and by design, there were a group of
scores that measured verbal memory, a group that measured non-verbal memory, a group that
measured processing speed and a group that measured response to novelty with response
inhibition, the analysis was programmed to extract four factors. The first four factors
extracted explained 84% of the variance in the data. The analyses are detailed in Tables 9.2
and 9.3 below. The first factor was clearly a verbal memory factor, namely Total Learning,
Band, Retrieval Efficiency, and Temporal Order of the RAVLT, explaining 56.4% of
variance. The second factor was clearly a speed of processing factor, namely Serial
Reversals A, Serial Reversals B, and Serial Reversals C, explaining a further 12.7% of
variance. The third factor was a visual processing/memory factor, namely Visual Form
Discrimination, Visual Form Memory, Gestalt Closure and Modified Compound Series,
explaining a further 8.2%. The fourth factor was the Stroop Factor, namely Word Reading,
Colour Naming and Colour/Word naming, explaining a further 6.7%. This factor had an
initial eigenvalue of 0.93, but was included because of its logical structure within the matrix.
Table 9.2 Principal Component Analysis for 14 Subtests, using Young Controls, Primary
Aging, and Secondary Aging groups.
Initial Eigenvalues Loadings
Comp.

Total

% of Variance

Cumulative %

Extraction Sum/Square Loadings
Total

% of Variance

Cumulative %

Rotation Sum/Square
Total

% of Variance

Cumulative %

1.

7.892

56.369

56.369

7.892

56.369

56.369

3.243

23.163

23.163

2.

1.785

12.750

69.119

1.785

12.750

69.119

3.092

22.088

45.251

3.

1.149

8.205

77.324

1.149

8.205

77.324

2.835

20.249

65.500

4.

.932

6.654

83.979

.932

6.654

83.979

2.587

18.479

83.979
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Table 9.3 Rotated Component Matrix, using 14 scores from Young Controls, Primary Aging
and Secondary Aging.
Rotated Component Matrix
1

a

2

3

4

Total Learning

0.746

0.407

0.323

-0.266

Band

0.832

0.348

0.235

-0.135

Retrieval Efficiency

0.756

0.307

0.215

Temporal Order Recall

0.854

Serial Reversals A

0.223

Serial Reversals B

-7.687E-02

5.803E-02

0.294

-0.174

0.862

0.247

-0.279

0.217

0.883

0.243

-0.247

Serial Reversals C

0.229

0.853

0.234

-0.275

Stroop Word Reading

2.722E-02

-0.232

1.135E-02

0.885

Stroop Colour Naming

-0.202

-0.213

-0.236

0.872

Stroop Colour/Word

-0.277

-0.329

-0.417

0.669

Visual Form Discrimination

0.213

0.145

0.818

-0.270

Gestalt Closure

0.285

0.229

0.751

Visual Form Memory

0.450

0.304

0.532

-0.390

Mod. Compound Series

0.312

0.285

0.789

-0.178

3.508E-02

Extraction Method: Principal Components Analysis
Rotation Method: Varimax with Kaiser Normalization
a

Rotation converged in six iterations

9.3

Phase Three, Series One

9.3.1

Aim

The aim of Phase 3 was to more closely examine the differential effects of Primary and
Secondary aging, using three groups, namely Young Controls, Primary Aging and Secondary
Aging. Whereas Phase One investigated the variability of the tests employed, Phase Three
was more concerned with differences between the groups, using the tests selected on the basis
of Eta values, and categorized by the PCA results of Phase Two.
9.3.2 Methods
9.3.2.1 Participants
The data to be used in this phase consisted of 104 participants from the original total research
population of 184. Selected were those who had been allocated to three main groups, Young
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Controls (n=51), Primary Aging (n=22), and Secondary Aging (n=31). The scores of the
participants used in Phase One were included in these analyses. Some of the participants had
not completed all of the tests, and this has led to unequal cell numbers across the variables.
9.3.3 Results
The analysis used for each variable was a univariate Analysis of Variance at three
levels (Young Controls, Primary Aging, Secondary Aging) with gender and estimated IQ as
covariates, and with Pairwise Comparisons, corrected for multiple comparisons using the
Bonferroni correction set at 0.01. This analysis made possible the comparison of younger
and older subjects, a measure of Primary Aging effect, and the comparison of older controls
with those thought to be in the secondary aging stage (a measure of Secondary Aging effect).
The mean performances on each of the tests for the three groups are set out in Table 9.4
below.
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Table 9.4 Mean performance (with standard deviations in parentheses) on each of the
neuropsychological tests.
Test

Young

Primary

Secondary

control

aging

aging

group

N

group

N

group

N

Estimated crystallised IQ

111

Age

36.7 (15.0) 51

72.0 ( 7.0) 22

73.1 (11.3) 31

49.2 ( 8.6) 49

45.1 ( 5.6) 20

26.5 ( 5.6) 29

(11.7) 51

121

(10.0) 22

110

(16.1) 31

Verbal Memory
Total learning
Band

2.5 ( 0.7) 49

2.3

( 0.6) 20

1.0 ( 0.8) 29

Retrieval efficiency

0.67( 0.2) 47

0.66 ( 0.2) 20

0.27( 0.2) 26

0.64( 0.2) 45

0.72 ( 0.2) 20

0.38( 0.2) 23

51.5 ( 9.0) 36

45.7 ( 6.5) 18

32.1 (11.1) 17

40.4 ( 8.2) 36

18.5 ( 3.9) 18

13.5 ( 4.9) 16

37.0 ( 8.9) 36

30.2 ( 5.3) 18

21.2 ( 5.7) 16

Gestalt Closure

21.3 ( 2.6) 50

18.4 ( 4.0) 21

14.2 ( 4.4) 30

Visual Form Memory
MCST

31.9 ( 8.4) 49

28.1 ( 8.1) 21

11.9 ( 8.4) 28

13.7 ( 2.9) 44

11.4 ( 2.7) 21

7.9 ( 2.7) 17

Stroop-Coloura

32.3 ( 5.8) 46

32.4 ( 4.9) 22

48.7 (14.5) 25

Stroop-Colour/worda

56.1 (12.4) 46

64.0 (14.9) 22

104.6(33.9) 25

Temporal order correlation
Speed of Processing
Serial Reversals A
Serial Reversals B
Serial Reversals C
Visual/Integrative Memory

Interference control

a

Time (in seconds) to read 50 items

To allow for comparisons across the different tests employed, Z-Scores were computed for
each of the tests. The mean Z-Score of zero is based on the overall mean and standard
deviation of the three groups extracted for this study, with N=104. Apart from EIQ, the score
for each group was based on the corrected estimated mean, allowing for the influence of
estimated IQ (crystallised intelligence) and gender, as obtained through the Analysis of
Covariance. Figure 9.1 displays the Z-Score conversions, for visual comparison of
performances across the three groups, grouped according to the factors identified by the PCA
used in Phase Two.
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This has meant omitting the Stroop Word Reading Score and the Visual Form Discrimination
score, since it had been decided previously that only those measures with an eta value greater
than 0.60 would be analysed in the major phases of the study.
Figure 9.1 Graph showing the relationship of the variables (estimated IQ, EstIQ; Total
Learning, TLZ; Retrieval Efficiency, Retfz; Temporal Order, Rhoz; Speed, Sraz, Srbz, and
Srcz; Gestalt Closure, GCTz; Visual Form Memory, POSz; Modified Compound Series,
Mcstz; Colour Naming, Clz; and Colour/Word, Cwz; to group membership, using Z-Scores
obtained as described above.
Contrasting Young Controls, Primary Aging and Secondary Aging
1.50

Z - Scores

1.00
0.50
0.00
Estiq

TLZ

Bandz Retfz

Rhoz

Sraz

Srbz

Srcz

GCTz POSz Mcstz

Clz

Cwz

-0.50
-1.00
-1.50
Tests
Young Control

Primary Age

Secondary Age

The first grouping is Verbal Memory, primarily acquisition and recall, and includes estimated
IQ since it is a verbal memory process, and its inclusion enables a better understanding of the
results. The second grouping is Speed of Processing (Sensori-Motor Response), with Serial
Reversals C having some qualities shared with the Working Memory Capacity factor. The
third grouping is Visual/integrative Memory, and related to visual recognition and spatial
recall, with Visual Form Memory sharing some qualities with the following Working
Memory Capacity factor. The fourth grouping is related to Working Memory Capacity,
namely a stroop factor or tasks that demand the evaluation of novel rules with novel
responses and interference control. It needs to be emphasised at this point that the better
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Serial Reversals, speed, scores will be higher, while the better Stroop, speed, scores will be
lower. It should also be remembered that the Serial Reversals score is greatly influenced by a
manual-motor factor, whereas the Stroop score is more influenced by a speech-motor factor.
It would appear that manual-motor tasks load on a factor that is different from the speechmotor tasks. It also appears from the graphical record that Colour Naming is less affected by
normal aging than the Colour/Word naming, and such a result is consistent with the view
that, in normal aging, the decrement in prefrontal function appears earlier than in other
cortical functions.
The graph first of all identifies the higher (verbal) estimated IQ rating for the Primary Aging
group. The graph also highlights the relative similarity in the performances of both control
groups, and the general superiority of the Young Controls over both of the older groups,
Primary Aging and Secondary Aging.
9.3.3.1 Evaluating Results of Young Control and Primary Aging groups (Primary Aging
effect). The first analysis investigated the effects of the covariates on test performance, using
the comparisons from the analysis of the three groups already described above. There were
no significant differences on any of the neuropsychological tests related to the gender of the
participants. Estimated IQ was a significant variable for Total Learning [F(1,65) = 8.71
p<0.01], Serial Reversals B [F(1,50) = 8.12 p<0.01], Visual Form Memory [F(1,66) = 11.65
p<0.01], and Stroop Colour Naming [F(1,64) = 8.41 p<0.01]; and marginally significant for
Retrieval Efficiency [F(1,63) = 6.39 p>0.01<0.05], Serial Reversals A [F(1,50) = 5.44
p>0.01<0.05], Serial Reversals C [F(1,50) = 5.94 p>0.01<0.05], Modified Compound Series
[F1,63) = 6.47 p>0.01<0.05], and Stroop Colour-Word Interference [F(1,64) = 6.00
p>0.01<0.05].
The second analysis investigated the effects of Primary Aging on the results,
compared to those of the Young Controls, again using the comparisons from the
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analysis of the three groups described above. Significant effects, with Bonferroni
corrections set at 0.01 for multiple comparisons, were obtained on the following
measures. Total Learning [F(1,65) = 12.54 p<0.01], Serial Reversals A [F(1,50) =
10.56 p<0.01], Serial Reversals B [F(1,50) = 15.96 p<0.01], Serial Reversals C
[F(1,50) = 16.80 p<0.01], Gestalt Closure [F(1,67) = 7.59 p<0.01], Visual Form
Memory [F(1,66) = 11.65 p<0.01], Modified Compound Series [F(1,63) = 11.91
p<0.01] and Stroop Colour/Word [F(1,64) = 9.01 p<0.01].
In the Verbal Memory category, the only significant difference between Young Control and
Primary Aging groups is seen to occur on Total Learning (TL), consistent with research on
this aspect of verbal memory (Bleeker, Bolla-Wilson, Agnew, & Meyers, 1988; Geffen et al.,
1990; Ivnik et al., 1990; Vakil & Blachstein, 1997). As assessed by Geffen et al. (1990),
older subjects in the 60 to 69 age bracket have a lower mean score on Rehearsal One [4.9 (SD
1.1)] compared to subjects in the 20 to 29 age bracket [8.4 (SD 1.2)], and accrue the
information more slowly over five rehearsals [36.7 (SD 6.8) compared to 54.9 (SD 7.0)].
In the Speed of Processing (Sensori-Motor Response), there were significant age-related
differences on all three measures, Serial Reversals A, Serial Reversals B, and Serial
Reversals C. These measures reflect the speed with which the subject can reproduce familiar
alphabetical letters, then reproduce the letters rotated, and then reproduce the familiar and
unfamiliar forms alternately, a switching task.
In the Visual/integrative Memory tasks, Gestalt Closure, Visual Form Memory and Modified
Compound Series were all significantly affected by age-related changes. These three
measures require visuo-spatial analysis and use of memory.
In the Stroop Factor category, only the Colour/Word Interference result proved to be sensitive
to age-related decrement. This test has long been recognised as sensitive to the effects of
increasing age (Golden, 1978; Pachana et al., 1997). The novelty of the task demands a more
rapid adjustment, functional working memory and effective inhibitory responses.
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Summary and Conclusions
The results obtained using the RAVLT highlight the difficulty experienced by older people in
acquiring and recalling new information. More rehearsals will be required for the older
group to match the acquisition and retention of the younger group. One could conclude from
this information that age has a gradual and increasingly significant adverse effect on
Acquisition and Free Recall. The Total Learning score of the RAVLT, especially in
combination with the Band Rating, could be used as one measure of the effects of increasing
age. While speed performance itself, Serial Reversals A, is certainly slowed, the introduction
of novelty, Serial Reversals B and C, further slows the performance speed of the older
person. This confirms the universal finding that primary aging has an adverse affect on speed
of performance such as Finger Tapping Speed and Trails Test A (MacLean & Yeudall, 1983);
Grooved Pegboard (Klove, 1963), Digit Copying Test (Kendrick, Parboosingh, & Post,
1965), simple Reaction Time and Choice Reaction Time (Woodruff-Pak, 1997). This
adverse effect is further complicated when the performance task involves re-coding,
responding to novelty and the switching process (Albert & Heaton, 1988; Walsh, 1985;
Woodruff-Pak, 1997). As previously described, these novel and switching tasks are normally
depressed by damage affecting the prefrontal cortex, as detailed in the previous paragraph.
The results obtained using the Gestalt Closure Test showed that the difference between the
two groups on the Gestalt Closure Test is consistent with Lezak (1995) who had indicated
that increasing age has an adverse effect on closure skills. The results obtained using the
Visual Form Memory Test indicate that, in this research group, primary aging has an adverse
effect on the ability to recall more complex spatial arrangements, even when the demand for
motor drawing skills, as in the Benton Visual Retention Test or the Complex Figure of Rey,
has been removed. Primary aging appears to have an earlier effect on performance in
visual/spatial skills such as those required for the Gestalt Closure Test, compared to the
performance on tests that tap verbal skills, especially when the visual tasks require increasing
Working Memory Capacity. This is consistent with studies showing the more rapid
deterioration of Block Design performance compared to Vocabulary performance on the
Wechsler Scales (Wechsler, 1958) and the age-related differences when comparing
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Crystallized Intelligence with Fluid Intelligence (Duncan et al., 1996; MacLean & Yeudall,
1983; Woodruff-Pak, 1997). Most tests that are claimed to reflect Fluid Intelligence have a
visual/spatial format, and future research could address the hypothesis that the earlier drop in
performance on tests thought to measure Fluid Intelligence may be due to a loss of visualspatial processing. It is impossible to identify, however, whether the measured loss is due to
a deficit affecting the prefrontal or the temporo-parietal systems. It has been argued
previously in this study that the complex interaction of these systems means that a deficit in
one may adversely influence performance in the other. On the other hand, following the
proposal made by Goldberg (Goldberg, 2001; Goldberg & Costa, 1981; Goldberg & Podell,
1995), one might also conclude that the primary functions of the non-dominant prefrontal
cortex are more adversely affected by increasing age than the primary functions of the
dominant prefrontal cortex. Goldberg has proposed that the non-dominant prefrontal cortex
becomes most active when the brain is presented with a novel stimulus, and least active when
the task is familiar. He and his colleagues have indicated that a better explanation for
hemispheric specialization lies in the distinction between context-independent processing and
context-dependent processing. Learning represents the transition from processing a novel set
of experiences, a right hemisphere function, to establishing a routinised memory system, a
left hemisphere function. He summarized this in his chapter on The Conductor: A closer look
at the frontal lobes (Goldberg, 2001), “With learning, the locus of cognitive control shifts
from the right hemisphere to the left hemisphere, and from the frontal to the posterior parts of
the cortex” (p 71). The results of this part of the current research study are consistent with
this proposal, if it could be demonstrated that the non-dominant prefrontal cortex is especially
tuned to identifying novelty via the visual processing system.
The results obtained using the Modified Compound Series Test clearly indicate that this task
is sensitive to the effects of advancing age. The ability to reach conclusions based on the
visual processing of logical sequences is compromised by normal aging effects. The results
on tasks sensitive to Working Memory Capacity (Stroop Colour Naming and Colour/Word
Interference and to a less extent, Serial Reversals C and Visual Form Memory), imply that
primary aging effects are subtle, and begin to lower the capacity of the older person to
process novel and complex tasks, compared to the capacity of the younger person. This
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would seem to be confirmed by a pilot study of the author, not reported here, which showed
that the older subject spends much more time than the younger subject in analysing the
individual item before nominating the solution, and the relative delay becomes more apparent
with increasing complexity in the task. This implies that the older person has to employ more
compensating strategies to accommodate the deficits in complex thinking associated with
primary aging, indicating that the influence of the prefrontal systems becomes more
pronounced with the advance of primary aging. This conclusion is in keeping with the
conclusion of Kane and Engle (2002) p.660, “More specifically, the capability to maintain a
memory representation in an active state despite distractions, and in interference-rich
contexts, is precisely the aspect of executive attention that is critical to predicting general
success across higher order cognitive domains, and that is particularly reliant on cells of the
dorsolateral prefrontal cortex”. So, too, Cabeza, Anderson, Lacontore, and McIntosh (2002)
investigated why some older adults performed as well as younger adults, whereas other older
adults were less efficient. They concluded from results of psychological screening and PET
studies that the primary difference between the two older adult groups lay in the amount of
prefrontal regions employed. The higher performing older adults engaged PFC regions
bilaterally, supporting the hypothesis of compensation strategies.

Thus, it is concluded that normal aging has adverse effects on a number of tasks thought to be
related to prefrontal lobe functions. However, the effects may be the consequences not only
of neuronal loss and chemical change, but also the consequences of selective disconnections
between the cerebellum, mid-brain, sub-cortical and basal ganglia systems and the various
regions of the prefrontal cortex. Recent research has placed stronger emphasis on the
importance of structural integrity of white matter. Bartzokis, et al. (2003) point to the effects
of demyelination process observed in their research, while Filley (2001) has stated, “The
mind depends as much on the white matter as on its grey counterpart”. Damage to white
matter, as discussed in Chapter Three above, is thought to disturb the functions of those
cortical and subcortical systems to which they are connected.
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9.3.3.2 Evaluating Results of Primary Aging versus Secondary Aging, using the comparisons
from the analysis of the three groups described above.
Results of Covariate Analysis
The significance of the covariates was evaluated first. There were no significant differences
related to the gender of the participants. Estimated IQ was a significant covariate for Total
Learning [F(1,45) = 9.25 p < 0.01], and marginally significant for the Modified Compound
Series Test [F(1,34) = 5.44 p > 0.01 < 0.05]. In contrasting the results of the Primary Aging
group with those of the Secondary Aging group, the results of the two groups on the 12
selected tests are displayed in full, in one table (Table 9.5 below). The purpose of this
method is to highlight the dramatic differences, on every one of the 12 measures, between
those participants classified as showing the effects of primary aging, and those participants
classified as showing the effects of secondary aging. It will be immediately apparent that the
secondary aging group was significantly more impaired, on every measure.
Table 9.5

Comparing Primary Aging Group to Secondary Aging Group on 12 variables

with Eta >0.60
Group

Covariates
EstIQ

Sig

Sex
FSig

Variables

Df

F

Total Learning

1,45

81.32**

9.25** 2.76

Band

1,45

89.62**

0.38

2.25

Retrieval Efficiency

1,42

25.24**

0.02

0.01

Temporal Order Recall

1,39

24.28**

0.21

0.88

Serial Reversals A

1,31

24.62**

0.19

0.07

Serial Reversals B

1,30

10.65**

0.40

0.02

Serial Reversals C

1,30

14.25**

0.18

0.20

Gestalt Closure

1,47

7.93**

3.16

2.56

Visual Form Memory (POS)

1,45

28.08**

1.90

0.00

Modified Compound Series

1,34

10.03**

5.44*

0.00

Stroop Colour Naming

1,43

15.93**

0.72

0.01

Stroop Colour/Word

1,43

17.12**

0.34

0.11

** Sig. p < 0.01

* Sig. < 0.05

F

Sig
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Discriminant Function Analysis
To evaluate, further, the effectiveness of these 12 measures in discriminating between
Primary Aging and Secondary Aging, a Discriminant Function Analysis was performed. Due
to missing discriminating variables, the number of subjects in the analysis was reduced to 28.
Of these, 16 had been classified as falling into the Primary Aging group, while 12 had been
classified as falling into the Secondary Aging group. The classification table is reproduced as
Table 9.6 below.
Table 9.6 Classification Results from Discriminant Function Analysis using the 12 Tests
with Eta values >0.60 (Table 9.1) and the two groups, Primary, and Secondary Aging.
Group

Predicted Group Membership
Primary

Original Count

Total

Secondary

Primary

16

0

16

Secondary

0

12

12

Percent

Primary

100

0

100

Percent

Secondary

0

100

100

The results of this analysis indicated that the twelve tests employed in this study had correctly
classified 100 percent of the original grouped cases.
9.3.4 Discussion
An examination of these results leaves little doubt that the performance of aged patients
(considered by their medical practitioner to be in an early stage of dementia but with an
equivocal Mini Mental State Examination score) has been significantly compromised by their
condition. The tests employed in this research study are all particularly sensitive to this
condition, and all of the selected measures produced significant results. It is concluded that
this battery of simple instruments should be particularly useful in the clinical practice of the
neuropsychologist, in making an early diagnosis of a dementing type of disorder. The results
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of that assessment would have the effect of either confirming the practitioner’s preliminary
medical diagnosis of early dementia, or else raising the query that the reported clinical
symptoms may not be consistent with such a dementing disorder.
It also appears that the pattern of the deficits resulting from secondary aging, as measured in
this study, is different from the pattern of the deficits produced by primary aging. In primary
aging, there appear to be more focal and selective deficits that reflect a pattern of patchy
deterioration rather than a global deterioration of functions. In individual cases, different
systems of the brain may be adversely affected, including the systems within the prefrontal
cortex. Following the proposal by Goldberg (2001), decrement may have early expression
through failure in non-dominant hemisphere prefrontal systems. Impairment in prefrontal
systems may be produced by neuronal loss in those systems (Herzog & Kemper, 1980),
chemical disconnection between the prefrontal cortex and chemical-producing systems in
other parts of the brain, such as the brain stem (Goldberg et al., 1989) or by the demyelination
of white matter that provide the channels of interconnection between the prefrontal systems
and the rest of the brain (Bartzokis et al., 2003; Filley, 2001). It is proposed in this study that
the adverse effects of primary aging may be concealed or moderated by the ability of
prefrontal systems to compensate for any slow deterioration of neurons, synapses,
neurotransmitters or white matter myelin. It is only when the functions of the prefrontal
systems become progressively impaired that the more obvious features of primary aging
become observable in behaviour.
Secondary aging, on the other hand, remains a clear product of a disease process that has a
progressive and global effect on brain functions. Such deterioration may be dependent on the
accumulation of toxins or metals in brain cells leading to the development of amyloid
plaques. This deterioration is apparent from the results of this study, such that all measures,
verbal memory, processing speed, visual/integration, and working memory capacity, have
been generally and significantly impaired even in the early stages of the disorder.
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This study was originally intended to analyse the effects of aging on the prefrontal cortex,
with the initial hypothesis that these systems would reveal the early signs of age-related
decrement, before the deterioration adversely affected other brain systems. However, the
results obtained are more consistent with the conclusions proposed by van der Flier et al.
(2002), that mild cognitive impairment and dementia are both signs of a more extensive
pattern of deterioration. The prefrontal cortex moderates and compensates for these deficits
until deterioration within the complex prefrontal systems, especially in the form of white
matter demyelination, prevents the person from making adequate compensation. It is at that
point the more obvious signs of Primary Aging in the form of observed behaviour become
clearly evident. The results also imply that Secondary Aging is the result of a pathological
condition that hastens the rate of deterioration, and adversely affects systems of the brain in a
global manner. If there were a close association between the deficits in secondary aging and
the global deficits in intellectually handicapped younger people, such a result would add
further confirming evidence in favour of that hypothesis.
On the other hand, if primary aging has a less global and more selective set of effects, then
the pattern of scores in those who show evidence of primary aging should, in general terms,
more resemble the pattern of scores observed in the performance of victims of mild closed
head injury. In the case of closed head injury, it is fairly well documented that the trauma
produces both diffuse and focal areas of brain damage, and the two most vulnerable brain
systems are axons in the white matter, damaged as a consequence of rotational forces across
the midbrain and subcortical areas (Levin et al., 1982), and structures in the prefrontal area,
damaged as a result of contusions following friction with bony skull formations (Katz, 1992;
Mattson & Levin, 1990).
This research study concludes with a further series of studies to explore these issues. First,
the study examines the similarities in the performances of the Secondary Aging group and
participants who have a history of more generalized intellectual and educational impairments
(global disability). Secondly, the study examines the similarities in the performances of the
Primary Aging group and participants with a history of having suffered a mild traumatic brain
injury (diffuse/focal injury).
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CHAPTER TEN: SERIES TWO
10.1

Phase One, Series Two

10.1.1

Aim

The aim of this series was to test the proposition that, on the basis of these twelve variables,
primary aging produces effects that are more typical of the selective effects of mild closed
head injury rather than a generalised deterioration. In a mild closed head injury, resulting
from the rapid rotational effects of the concussion, two main areas of the brain are exposed to
the forces involved. The anterior portions of the prefrontal cortex and the horns of the
temporal cortices are forced onto the bony protuberances that are a feature of the anterior
cranium, the orbits primarily. These brain structures may be abraded by the pressure sliding
contact, causing tissue damage or areas of bruising (Binder, 1986; Joseph, 1996; Katz, 1992;
Mattson, & Levin, 1990; Prayer et al., 1993).
The other areas most vulnerable to damage are the systems that surround the brain stem and
the brain stem itself. The violent twisting of the brain around this central pivot results in
damage to neurons, or to the connections between the neurons. This latter type of damage
has been called diffuse axonal injury in which axons suffer from the effects of stretching.
This leads to further deterioration of the axons, and subsequently, to the neurons to which
they connect (Povlishock, & Coburn, 1989). While in cases of severe closed head injury the
brain may be globally damaged in these ways, mild closed head injuries should produce
selective types of damage that may adversely affect some systems but leave others functional.
Neuropsychological examination, using appropriate instruments, is able to identify which
systems have been affected adversely, and those systems that have remained relatively
unscathed.
The hypothesis proposed in this study is that primary aging has similar effects, with some
systems affected while other systems will continue to function in a relatively normal fashion.
If this proposition is correct, then it is further proposed that the profile of test results of the
primary aging group in this study will resemble the profile of results produced by the group
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of mild TBI subjects included in the research database more closely than the profile of results
produced by the younger control subjects.
10.1.2

Methods

10.1.2.1

Participants

Three groups of subjects were selected for this evaluation, namely Young Controls, Primary
Aging clients, and clients assessed following a closed head injury. The demographic
characteristics of the groups are detailed in Table 10.1.
Table 10.1: Age means, estimated IQ and maximum number of subjects in 3 Groups, young
controls, primary aging clients, and mild trauma victims.
Group

Age Mean

SD

Range

EstIQ Mean

SD

N

Young Controls

36.73

14.96

15-59

110.94

11.44

49

Primary Aging

72.05

6.99

61-85

121.41

9.58

20

TBI

38.90

13.44

16-64

106.98

12.46

39

10.1.2.2 Materials
The records of these three groups were extracted from the database, and the scores on the 12
variables identified earlier converted to Z-scores (N=108), prior to analysis.
10.1.3 Results
Since there was to be a subsequent evaluation, using another group of clients with
generalized intellectual deficit, the scores all twelve variables were converted to Z-scores,
using the mean and standard deviation of all subjects in the research database. The use of all
five groups has resulted in some differences from the previous results in which the Z-scores
of fewer and more specific groups were employed, since using the five groups greatly
increases the proportion of experimental over normal control subjects. The Z-score means
for the three groups, young controls, primary aging and TBI, were then converted into a
graphical record as produced in Figure 10.1. This enabled a general view of the score
profiles of each group. Following that, the raw scores of the three groups were analysed by
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means of a univariate Analysis of Variance, and pairwise comparisons performed. Because
of the multiple comparisons, Bonferroni corrections were set at p < 0.01. The details of these
comparisons are reproduced as Table 10.2.
It was proposed that the pair of groups with the fewest number of significant differences
would be more similar than the other two pairs. A study of the graph in Figure 10.1. gives a
clear indication of the general superiority of the young control group over both the primary
aging and TBI groups. Table 10.2. below details the results of the statistical analysis.
Figure 10.1 Graph of the three groups, using Z-Scores based on Mean/SD of the total
database, comparing performances on estimated IQ, EstIQ, and the twelve variables Total
Learning, TLZ, Band Rating, Bandz, Retrieval Efficiency, Retfz, Temporal Order, Rhoz,
Serial Reversals, Sraz, Srbz, Srcz, Gestalt Closure, GCTz, Visual Form Memory, POSz,
Modified Compound Series, Mcstz, Stroop Colour Naming, Clz, and Colour/Word, Cwz.

Z-Score Comparisons on 12 Variables using 3 Groups
1.00
0.80

Z - Scores

0.60
0.40
0.20
0.00
Estiq

TLZ Bandz Retfz Rhoz

Sraz

Srbz

Srcz

GCTz POSz Mcstz

Clz

Cwz

-0.20
-0.40
Variables

Young Controls

Primary Aging

TBI

When analysing the results of the comparison between the Young Control group with the
Primary Aging group, there were no significant differences in the means (at p < 0.01)
between these two groups, though the variable Gestalt Closure was very close to significance
(p = 0.011). This could be interpreted as contrary to the findings in Chapter Nine above,
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when there were a number of significant differences between these two groups. However, the
inclusion of a different experimental group, and the use of Z-scores based on the database of
all subjects, will have altered the relationships between the two groups. This study was
designed to look at the relative differences between the Young Control group and Primary
Aging group to judge whether the Primary Aging group's scores were more similar to the
Young Control's scores or the TBI group's scores.
When comparing the results of the Young Control group with the head injured group, TBI,
there were significant differences in means (at p < 0.01) on five variables, namely Total
Learning, Band, Visual Form Memory, Stroop Colour Naming and Stroop Colour/Word
Naming.
When comparing the results of the Primary Aging group with the head injured group, TBI,
there were no significant differences in means (at p < 0.01).
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Table 10.2 Probability levels from pairwise comparisons of the 12 variables, using the raw
scores from 3 groups, Young Controls, Primary Aging, and Head Injury clients.
Test

Comparison**

p.=

Test

Comparison

p.=

TL

YCTL/OCTL

0.636

Cl.

YCTL/OCTL

1.000

TL

YCTL/TBI

0.003

Cl.

YCTL/TBI

0.008

TL

OCTL/TBI

1.000

Cl

OCTL/TBI

0.065

Band

YCTL/OCTL

1.000

C/W

YCTL/OCTL

1.000

Band

YCTL/TBI

0.007

C/W

YCTL/TBI

0.008

Band

OCTL/TBI

0.781

C/W

OCTL/TBI

1.000

RETEFF

YCTL/OCTL

1.000

MCST

YCTL/OCTL

0.065

RETEFF

YCTL/TBI

0.110

MCST

YCTL/TBI

1.000

RETEFF

OCTL/TBI

0.600

MCST

OCTL/TBI

1.000

Rho

YCTL/OCTL

1.000

SRA

YCTL/OCTL

0.263

Rho

YCTL/TBI

1.000

SRA

YCTL/TBI

1.000

Rho

OCTL/TBI

1.000

SRA

OCTL/TBI

1.000

GCT

YCTL/OCTL

0.011

SRB

YCTL/OCTL

0.079

GCT

YCTL/TBI

1.000

SRB

YCTL/TBI

0.961

GCT

OCTL/TBI

0.248

SRB

OCTL/TBI

1.000

VFMT

YCTL/OCTL

0.809

SRC

YCTL/OCTL

0.034

VFMT

YCTL/TBI

0.000

SRC

YCTL/TBI

0.114

VFMT

OCTL/TBI

0.948

SRC

OCTL/TBI

1.000

YCTL, Young Controls; OCTL, Primary Aging; TBI, head injured; TL, Total Learning; Band, Band Rating;
RETEFF, Retrieval Efficiency; Rho, Temporal Order; GCT, Gestalt Closure Test; VFMT, Visual Form Memory
Test; Cl, Stroop Colour Naming; C/W, Stroop Colour-Word; SRA, SRB, SRC, Serial Reversals A, B, and C.
** Degrees of Freedom not provided in SPSS printout for pairwise comparisons
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It is apparent from the graph in Figure 10.1 that the Young Control group obtained higher
scores, compared to the TBI Group, on all variables except Temporal Order Recall, and from
the comparisons in Table 10.2, five of these differences reached significance, namely Total
Learning, Band, Visual Form Memory, Stroop Colour Naming and Stroop Colour/Word
Naming. It is also apparent from the graph in Figure 10.1 that the Young Control group
obtained higher scores, compared to the Primary Aging group, on all variables except three,
namely Retrieval Efficiency, Temporal Order and Stroop Colour Naming. However, no
pairwise comparison from Table 10.2. reached the 0.01 level of significance, although the
score on GCT was close to significance. It is also apparent from the graph that the scores
produced by the Primary Aging group were not consistently better than the TBI Group
scores, and none of the comparisons had reached the 0.01 level of significance.
10.1.4 Conclusion
It was concluded from these results that the profile of scores produced by the Primary Aging
subjects was more similar to the profile produced by the TBI subjects than it was to the
profile produced by the Young Control subjects.
10.2

Phase Two, Series Two

10.2.1

Aim

The aim of this study was to test the proposition that, on the basis of these twelve variables,
secondary aging produces effects that are typical of the effects observed in the records of
clients with a congenital and generalized intellectual deficit. The basis of this hypothesis lies
in the evidence that, in cases of congenital and generalized intellectual deficit, few if any of
the cognitive processing skills reach average levels of performance. Such a condition implies
that the brain of the handicapped person has been globally affected. This study was intended
to compare the performance of the Secondary Aging group on these twelve variables with the
performance of a group of clients who were regarded as congenitally and generally
intellectually handicapped.
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Three groups of subjects were selected for this evaluation, namely Primary Aging clients,
clients with a marked intellectual deficit and clients presumed to be in an early stage of
Secondary Aging. The demographic characteristics of the groups are detailed in Table 10.3.
Table 10.3: Age means, estimated IQ and maximum number of subjects in 3 Groups,
primary aging clients, secondary aging clients and intellectually limited clients.
Group

Age Mean

SD

Range

EstIQ Mean

SD

N

Primary

72.05

6.99

61-85

121.41

9.58

20

Ed. Sub-normal

30.74

12.32

16-63

73.61

9.64

37

Secondary

73.06

11.32

39-88

110.00

16.04

29

10.2.3

Results

The results of the three comparison groups were analysed in the same way as the results of
the subjects studied in Series Two. Using Z-scores obtained from the total database, a
graphical comparison was prepared as before. A study of the graph in Figure 10.2 gives a
clear indication of the better scores obtained by the Primary Aging group compared to both
the Educationally Sub-normal and Secondary Aging groups.
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Figure 10.2 Graph of the three groups, using Z-Scores derived from the total database,
comparing performances on estimated IQ, EstIQ, and the twelve variables Total Learning,
TLZ, Band Rating, Bandz, Retrieval Efficiency, Retfz, Temporal Order, Rhoz, Serial
Reversals, Sraz, Srbz, Srcz, Gestalt Closure, GCTz, Visual Form Memory, POSz, Modified
Compound Series, Mcstz, Stroop Colour Naming, Clz, and Colour/Word, Cwz.

Z-Score Comparisons on 12 Variables using 3 Groups
1.50
1.00

Z - Scores

0.50
0.00
Estiq

TLZ

Bandz Retfz

Rhoz

Sraz

Srbz

Srcz

GCTz POSz Mcstz

-0.50
-1.00
-1.50
-2.00
Variables

Primary

ESN

Secondary

Clz

Cwz
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Table 10.4 below details the multiple pairwise comparisons with levels of significance.
Table 10.4 Probability levels from pairwise comparisons of the 12 variables, using the raw
scores of 3 groups, Primary Aging, Educationally Sub-normal and Secondary Aging.
Test

Comparison

p.=

TL

OCTL/ESN

TL

Test

Comparison

p.=

0.000

Cl.

OCTL/ESN

0.000

OCTL/PATH

0.000

Cl.

OCTL/PATH

0.000

TL

ESN/PATH

0.000

Cl.

ESN/PATH

0.571

Band

OCTL/ESN

0.000

C/W

OCTL/ESN

0.105

Band

OCTL/PATH

0.000

C/W

OCTL/PATH

0.000

Band

ESN/PATH

0.174

C/W

ESN/PATH

0.000

RETEFF

OCTL/ESN

0.000

MCST

OCTL/ESN

0.001

RETEFF

OCTL/PATH

0.000

MCST

OCTL/PATH

0.003

RETEFF

ESN/PATH

0.024

MCST

ESN/PATH

1.000

Rho

OCTL/ESN

0.018

SRA

OCTL/ESN

0.004

Rho

OCTL/PATH

0.000

SRA

OCTL/PATH

0.000

Rho

ESN/PATH

0.905

SRA

ESN/PATH

1.000

GCT

OCTL/ESN

1.000

SRB

OCTL/ESN

0.020

GCT

OCTL/PATH

0.000

SRB

OCTL/PATH

0.017

GCT

ESN/PATH

0.000

SRB

ESN/PATH

1.000

VFMT

OCTL/ESN

0.004

SRC

OCTL/ESN

0.353

VFMT

OCTL/PATH

0.000

SRC

OCTL/PATH

0.012

VFMT

ESN/PATH

0.008

SRC

ESN/PATH

1.000

OCTL, Primary Aging; ESN, Educational Subnormal; PATH, Secondary Aging; TL, Total Learning; Band,
Band Rating; RETEFF, Retrieval Efficiency; Rho, Temporal Order; GCT, Gestalt Closure Test; VFMT, Visual
Form Memory Test; Cl, Stroop Colour Naming; C/W, Stroop Colour-Word; SRA, SRB, SRC, Serial Reversals
A, B, and C.
** Degrees of Freedom not provided in SPSS printout for pairwise comparisons
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It is apparent from the graph in Figure 10.2 that the Primary Aging group obtained higher
scores, compared to the Educationally Subnormal group, on all variables except Gestalt
Closure, and from the comparisons in Table 10.4, seven variables showed a significant
difference (at p < 0.01) between these two groups, namely Total Learning, Band,
Retrieval Efficiency, Visual Form Memory, Stroop Colour Naming, Modified Compound
Series, and Serial Reversals A. It is also apparent from the graph in Figure 10.2 that the
Primary Aging group obtained higher scores, compared to the Secondary Aging group,
on ten variables, at the 0.01 level of significance, namely Total Learning, Band, Retrieval
Efficiency, Temporal Order Recall, Gestalt Closure, Visual Form Memory, Stroop
Colour Naming, Stroop Colour/Word Naming, Modified Compound Series and Serial
Reversals A. The remaining two variables, Serial Reversals B and Serial Reversals C
were marginally significant, with p = 0.017 and p = 0.012 respectively. When comparing
the Secondary Aging groups with the Educationally Subnormal group, the scores on four
variables showed significant differences, namely Total Learning, Gestalt Closure, Visual
Form Memory and Stroop Colour/Word Naming, and in each case, Educationally
Subnormal clients returned means that were greater than the means of the Secondary
Aging group.
10.2.4 Conclusion
It was concluded from the results of this analysis that despite a very significant
discrepancy in estimated IQ ratings in favour of the Secondary Aging group, the
Educationally Subnormal clients performed consistently better than the Secondary Aging
group of clients. This implies that the limiting factors associated with Secondary Aging
are more severe than those associated with a generalized intellectual handicap.
The results of this analysis also confirm the proposition that subjects who are thought to
be in an early stage of Secondary Aging suffer from a generalized form of damage. It is
proposed that this damage is different from that which is associated with Primary Aging,
namely that Secondary Aging results from global deterioration across the brain, whereas
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those who are aging normally show evidence of selective damage, retaining many normal
brain functions.
Primary aging effects would follow from selective pockets of deterioration that may be
related to a decline in neurotransmitter effects, small areas of demyelination with local
disconnection, or an increase in neuronal loss affecting one area in particular. When
primary aging compromises some of these brain functions, the subject is able to develop
strategies to compensate for the milder impairments through the executive functions
associated with the prefrontal systems. The more generalised damage that is present in
early secondary aging precludes the use of adequate compensating strategies leading to
obvious deficits across a wider range of functions.
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CHAPTER ELEVEN: SUMMARY AND CONCLUSIONS
This study was intended to examine the effects of age on those functions usually
available for measurement by psychological instruments. The main focus was geriatric
neuropsychology, with particular emphasis placed on involution. The term, involution,
was preferred to a number of alternatives since this was the correct medical term for the
shrinking of tissues, and it also contrasted with two related terms, evolution and
development. The technique used in the study was that of “real world research” in which
the author has examined the performances of a mix of clients referred to the practice, and
voluntary control clients.
The emphasis in the author's private practice has been to assist in making a more accurate
diagnosis of brain-related disorders, to make recommendations about treatment, and to
indicate future problems and issues. There has been less emphasis on theoretical issues.
The examination of terms used in geriatric neuropsychology was made, since the related
terms, age, aging, and aged, may convey different intentions in different contexts. It was
further emphasised that, while chronological age was probably the best general marker
for involution, the passage of time from birth was not necessarily as important in
assessment as the changes that occur in functions over time.
It was proposed that the effects of aging could be classified under two headings, namely
Primary Aging and Secondary Aging. The former represented the more common effects
of increasing chronological age, and the latter represented a more pathological disease
process. Subsequently, the term Tertiary Aging was used to refer to those victims of
rapid decline to termination of life. Since this was essentially a form of Real World
Research, associated with an applied clinical practice, the methodology to be used was a
cross-sectional study.
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The evolution of the Central Nervous System over time, and the development of the
individual brain structures in the human individual, were considered to be most important
when attempting to understand the process of human involution. The expansion of brain
centres had made adaptation to a complex environment more efficient, primarily because
it enabled the development of highly complex and efficient memory systems. These were
associated with the development of complementary hemispheres and the concentration of
verbal communication centres in the dominant hemisphere. This enabled the individual
to determine the meaning of current sensation in terms of future issues. Not only was the
brain more efficient in dealing with novel environmental challenges, but also, it was able
to organise and store these experiences for future use. This facility, in turn, enabled the
human to reflect on these experiences, and make highly accurate predictions about the
future. Whereas the term, intelligence, has been primarily linked to the development of
these complex systems and their employment in solving problems, the related term,
wisdom, has been primarily linked to the better application of this knowledge in making
judgments appropriate to a socialised existence. Therefore, any study of development
and involution should incur some examination of social responsibility. The development
of social and moral responsibility was a marker of maturity and wisdom, often considered
to be one of the positive attributes of aging.
Much of the evidence available in current neuropsychological research had suggested that
the processes of primary aging would be observed in those functions associated with the
prefrontal cortex, a part of the brain that had vast reciprocal connections with every other
part of the brain, and was responsible for the development of what Jaynes and Goldberg
have termed civilized human behaviour.
This document has detailed some of the main research studies and theoretical issues
associated with prefrontal lobe development and function. Among these studies have
been investigations into the effects of various prefrontal lobe disorders that follow from
illness or injury. This research has highlighted the importance of memory systems that
are not only cognitive, but also emotional in their function. This has enabled the process
succinctly described by Denny-Brown in 1969 as a "whole future setting, or Gestalt" (p
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402). This was re-iterated by Damasio (1994) when he emphasised that the appreciation
of the effects of behaviour in terms of its future consequences, with inhibition of
behaviour, were vital when studying the functions of the prefrontal cortex.
It was proposed that these executive skills were dependent on the brain’s memory
processing capacity, and this included the processes commonly referred to as emotional,
as well as the cognitive. This was further developed by Shimamura (2002) in his
description of the prefrontal function as "dynamic filtering" with two main dimensions,
namely Back-front interaction and Top-down interaction.
While one cannot dispute the importance of the prefrontal cortex in terms of human
thought and performance, the comments of Baddeley et al. (1997) are pertinent when
they write that the central executive process cannot be considered the exclusive property
of the prefrontal cortex.
More recent research, however, had highlighted the importance of the brain’s white
matter, a substantial proportion of which is found within the anterior portion of the brain.
This white matter is the “connective tissue” which enables the various parts of the brain
to interact, and selective deterioration of this white matter would influence a wide variety
of brain functions, depending on the locus and the extent of the damage. It was
considered that such deterioration may be more apparent in white matter than was
originally considered by researchers, and as such, would influence a wide range of
cognitive and behavioural deficits associated with aging, due to “disconnections”.
There were three main reciprocal systems involving both grey and white matter, that
determined the individual’s ability to attach meaning to current sensory experience,
evaluate alternative patterns of response and choose the behaviour most appropriate at the
time. These were described as circuits, and titled the dorsolateral prefrontal, the lateral
orbitofrontal, and the anterior cingulate circuits. Damage or disorder that affects one or
more processes within a circuit may produce neuropsychological changes similar to those
observed following frontal lobe damage or disorder. Further, the statement of Salthouse
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(2000) was noted, namely that any theory of aging must ultimately account for the
negative relations on a range of different cognitive variables, and additionally, account
for the absence of adverse age effects on other cognitive variables such as crystallised
intelligence measures. In this study, the author has tried to compare different groups to
discover whether the deficits of normal aging resemble the pattern of disorder observed
in so-called focal damage or disorder, or whether the deficits are more typical of a
generalised and diffuse type of damage or disorder.
The executive functions considered most important in this research were those associated
with the capacity of the brain to respond to novelty in experience, to access and employ
relevant stored memories and to compensate for deficits that might interfere with
appropriate responses. It was suggested that deficits associated with primary aging may
be found in areas of the brain apart from the prefrontal cortex, but the effects of these
deficits may be beyond observation in terms of behaviour because of the person’s ability
to use compensating strategies. It was proposed that the effects of using this type of
strategy would be apparent primarily in terms of increased response times both in speed
of motor response and in terms of cognitive processing speed.
On the other hand, it was proposed that the problems associated with secondary aging
would be those that follow from disease processes, pathological conditions that may be
isolated by investigations in addition to the observations of behavioural symptoms. If
correctly identified, some of the decrement associated with secondary aging may be
reversed, but more likely, slowed in terms of its progress.
A selection of tests sensitive to neuropsychological dysfunction was made from those
employed by the author in his practice. Their selection was justified by various analyses
to demonstrate that each was sensitive to the effects of organic brain disorder such as the
disorders that follow from traumatic brain injury, or those that follow from a form of
generalised developmental disorder. It was also demonstrated that, in terms of the theory
of executive function, these tests should be sensitive to dysfunction within the prefrontal
systems. In this study, these tests were described as follows:
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One group of measures for such tasks as verbal working memory capacity namely
acquisition, immediate free recall and the ability to retain temporal order; a measure of
the prefrontal process associated with sequential motor movements; a measure of the
process of storing and recalling (from working memory) a spatial distribution of visual
symbols; a measure of the ability to make judgments about the number of objects hidden,
requiring attention; a measure of proper name anomia; a group of measures related to
speed of processing; a measure of the capacity to inhibit a prepotent response, in a novel,
switching task; and a further measure of fluid intelligence.
Other tasks were essentially complex recognition tasks. One required the recognition of a
complex set of visual patterns, while another required the integration of a pattern of blots
to identify the object portrayed. Another required the use of facial inspection to identify
a portrayed emotional expression. These were included in the battery because they may,
or they may not, be closely associated with prefrontal functions.
Finally, a number of younger and older volunteers were assessed, and the results obtained
from these volunteers became the main data for the Primary Aging control group. Added
to that group were clients of the practice who had been referred for assessment of
psychological skills and who were not victims of any known brain disorder. There were
five groups for comparison, namely a younger control group, an older control group, a
group of clients who had suffered head trauma thought to be associated with brain
damage, a group of clients with a history of intellectual/learning deficits and a group of
clients thought by their referring medical practitioners to be in an early stage of
secondary aging.
Post Hoc Evaluation Study:
In a preliminary study, subjects were selected from the Young Control group, the Primary
Aging group and the Secondary Aging group, matched on estimated level of intelligence,
and the Level of Association (Eta) obtained. This enabled the identification of those
measures most sensitive to the effects of both primary and secondary aging. However, as
these subjects were subsequently used in the major study, it became necessary to assess
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whether using these subjects had influenced the subsequent results unduly. In a post hoc
Analysis of Variance and Discriminant Function Analysis, the author used a small
database of 38 subjects drawn from the Primary Aging (age range 42-77, n=17) and
Secondary Aging (age range 39-88, n=14) groups. To obtain sufficient numbers of
subjects who had completed all of the tasks, the number of variables was reduced to four,
namely Total Learning, Band Rating, Gestalt Closure and Visual Form Memory.
Analysis of Variance confirmed that the mean scores on all four variables were
significant, namely Total Learning [F(1,31) = 75.8, p < 0.01], Band Rating [F(1,31) =
59.9, p < 0.01], Gestalt Closure [F(1,33) = 11.6, p < 0.01] and Visual Form Memory
[F(1,31) = 32.0, p < 0.01]. The Discriminant Function Analysis indicated that two of the
Primary Aging group were classified as Secondary Aging, but all 14 of the Secondary
Aging group were so classified. 93.5% of the original grouped cases were correctly
classified.
This result confirmed that the influence of the subjects used in the matched group study
was not likely to be significant in the major study’s results.
It was hypothesized that there would be significant differences on the tests used,
indicating the different types of deficit associated with normal aging, with pathological
aging, with a congenital intellectual deficiency, and with traumatic brain disorder.
The following conclusions were proposed:
1.

The tests employed all showed a degree of association with organic deficits, with

some twelve of the measures considered to be highly sensitive to both the effects of
primary aging and of brain disorder. These twelve variables were employed in the
subsequent analyses.
2.

Fourteen variables were employed in a Principle Components Analysis, the two

additional variables included to balance the presumed contributing factors – verbal
memory, visual integrative memory, speed of response and inhibitory control. This
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analysis identified four Factors that accounted for 84% of the variance. These four
factors were consistent with the hypothesized presumption based on clinical observations.
3.

These four Factors were:
i.

Verbal Memory (acquisition, learning curve, free recall and temporal
order recall);

ii.

Speed of Processing (sensori-motor performance);

iii.

Visual Integrative Memory (pattern recall, spatial recall, closure and
logical reasoning);

iv.
4.

Stroop effect (Speed of Colour Naming and Colour/Word Naming).

The analysis was conducted with gender and estimated IQ as covariates, and with

Bonferroni corrections set at 0.01. The Primary Aging group could be differentiated
from the Young Control group in terms of the performance on the following measures
used:
Total Learning, but not on the other Verbal Memory scores;
Response speed (sensori-motor, Serial Reversals A, B and C);
Visual Integrative Memory (Closure, Spatial Memory, and Fluid Intelligence);
Stroop Effect (Speed of Colour Naming and Colour/Word Naming).
The presence of a significant difference in scores on the Gestalt Closure Test and on the
test of sensori-motor speed, SRA, was noted. This research has consistently shown that
the closure process is very sensitive to the effects of both primary and secondary aging,
but much less sensitive to the effects of traumatic brain injury and intellectual deficiency.
This may be an indication that demyelination disconnection is much more relevant to the
effects of increasing age, as indicated in the research of Bartzokis et al. (2003). It is less
likely that a deficit in prefrontal functions is responsible for this result, and more likely
that the results are due to influences other than prefrontal, such as temporal or parietal.
One would also consider that a failure to obtain significant differences in scores on the
verbal memory tasks of learning curve (Band), free recall versus recognition (Retrieval
Efficiency) and temporal order (Rho) implies that prefrontal functions have been less
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affected by age, since these tasks are quite frequently compromised by executive
dysfunction. It was concluded that functions other than purely prefrontal functions were
likely to be adversely affected by increasing age, but consistent with the hypothesis that
functional prefrontal systems have been able to compensate for some of the decrements
associated with increasing age. This compensation process should lead to slower
performance times because of the need to find alternative strategies to compensate for the
losses. This conclusion was consistent with the extensive research results reported by
Salthouse and colleagues (Babcock & Salthouse, 1990; Salthouse, 2000; Salthouse &
Meinz, 1995). However, whereas these researchers have suggested that the slowing of
cognitive processing in more complex tasks is due to the effects of age on transmission
speed, this research has suggested an alternative view, namely that the effects of
demyelination on white matter demands that the prefrontal systems find effective
alternative routes. Speed of transmission itself may not be a factor so much as the need
to use longer and more devious routes for some responses because of the disconnections.
Since virtually all motor and cognitive responses must traverse areas of the prefrontal
lobes, the effects of even minor forms of disconnection may produce subtle variations in
performance speed and speed of decision making. Therefore, the processes associated
with fluid intelligence and with the switching tasks will certainly be influenced by white
matter deterioration, especially if speed of response is a critical factor in the performance.
It is further proposed that the back-front form of brain processing may be influenced by
these disconnections just as much as the up-down type of processing. Whereas the
former refers to connections from the parietal-occipital lobes with the prefrontal systems
via temporal lobe systems, the latter represents connections with the limbic and other
subcortical systems. The latter systems would be relevant to emotional and memory
recall processing through the anterior cingulate circuit whereas the former would be
relevant to visual and speech processing.
5.

The Secondary Aging Group was clearly differentiated from both the Young

Control Group and the Old Control Group on all of the twelve variables. This was
illustrated in particular by the 100% differentiation achieved when the scores were
submitted to a Discriminant Function Analysis. It follows that the effects of the disease
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process which leads to secondary aging appear earlier in this type of examination, and
represent a global deterioration rather than focal deficit. It is proposed that these deficits
occur as a result of a variety of pathological processes such as progressive neuronal
death, the result of structural changes to the neurons, chemical disconnection the result of
failure in neurotransmitter processes, and to disconnections following progressive
demyelination of the white matter. If such deterioration occurs, then drugs intended to
address only one type of deficit, such as the depletion of neurotransmitter process, may
be effective in only some cases. The results also imply that the application of a selection
of these simple tests would be very effective in defining the cause of the symptoms, as in
differentiating early pathological symptoms from those associated with normal aging, or
with disorders such as depression. The selection should also be useful in monitoring the
effects of treatments being employed by practitioners.
6.

It remains to be determined whether the more recent process titled Age

Associated Memory Impairment is a feature of primary aging or of secondary aging. On
the basis of these results, there is some evidence to suggest that this disorder is possibly
an early sign of secondary aging, especially if the impairment is detected in verbal
acquisition and recall. In this study, older and younger control group verbal memory
scores were significantly different only on Total Learning. Significant deficits on the
other measures such as Band, Retrieval Efficiency, and Temporal Order in a client would
indicate a more generalized loss of verbal memory processing, especially if there were
significant losses on the other Factors as well. For example, from a recent Abstract,
(Kawas et al., 2003), it has been proposed, in a longitudinal study, that significant visual
reproduction errors (six or more) on the Benton Visual Retention Test had predicted
subsequent development of dementia up to ten years before diagnosis. It is proposed that
the visual measures employed in this research are more sensitive than the Benton Visual
Retention Test to organic impairment, and less affected by other conditions such as motor
controls.
7.

Finally, evidence supporting these conclusions was demonstrated by two further

experiments.
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i. A careful examination of results clearly indicated that the deficits associated
with primary aging were similar to those organic deficits thought to have been the result
of mild traumatic brain injury. Older control group scores were more similar to the TBI
scores than they were to the young control group scores. This implies that the deficits
associated with primary aging more likely represent a focal rather than a global pattern of
disorders.
ii. A careful examination of results also clearly indicated that the deficits
associated with secondary aging were similar to those more global deficits associated
with a congenital intellectual deficiency. The pattern of scores for the secondary aging
group more closely paralleled the score patterns of the educationally subnormal group
than the score patterns of the primary aging group. In fact, on most of the variables, the
scores of the educationally subnormal group were better than those of the secondary
aging group scores despite the vast differences in estimated IQ. This implies that the
deficits associated with secondary aging represent a more global and extensive pattern of
disorders.
In conclusion, the study indicates that a battery of short, sensitive tests can be structured,
such that the older client may attempt solutions without too great a level of stress being
imposed. If necessary, for a general screening of aging clients, it is possible to use a
small group of four measures, namely Total Learning, Band Rating, Gestalt Closure and
Visual Form Memory, for a preliminary assessment. The level of differentiation was
quite significant. The pattern of the results obtained can give fairly convincing evidence
concerning the mental state of the client, effectively differentiating the effects of primary
aging from the more serious effects of secondary aging. This may then determine what is
the most appropriate form of treatment, as well as providing a baseline by which the
effectiveness of the treatments used may be evaluated. The battery is especially suitable
for use within a private practice on clients referred because of memory problems or
disorders.
While this major study was more concerned to demonstrate the usefulness of a range of
measures in differentiating primary from secondary aging, it should be possible to extend
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the investigation to examine the effectiveness of the tests in identifying the different
clinical forms of secondary aging. In one case study conducted since the completion of
the research, one 77 year old subject had initially been assessed as not showing the
typical pattern of Alzheimer’s Disease, since the visual/spatial group of tests had been
completed with exceptional accuracy for a man of his age. Subsequent assessment two
years later was conducted because his wife was convinced that his adjustment had
deteriorated quite markedly. The area of maladjustment was primarily that of extreme
obsessive-compulsive behaviour. Test results again showed a remarkable stability in the
visual/spatial group of tests, and no change in the results of the Alzheimer’s Disease
Assessment Scale (ADAS, Rosen, 1984), but the Hand Movement Test result was
markedly poorer. The results gave strong evidence that the client had deteriorated in a
manner similar to that of patients who had been diagnosed as suffering from Dementia of
the Frontotemporal type, frontal variant (fvDFT).
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Rey Auditory Verbal Learning Test – Version QUAWMT (Geffen) - Administration
For this administration, the general instructions provided by Geffen and Forrester were
followed, though some allowance had to be made for the old-old subjects and those with
a limited intellectual capacity. Generally, the instructions followed the following
format:
This is a test of verbal memory. I am going to read to you a list of 15 well-known words – you
will know all of them. I will read the list right through, and then I will look up. When I look up,
I want you to say back to me, in any order, all of the words you can remember. When you have
done this, I will then repeat the list, and you do the same again. We rehearse the list five times.
I want to see how your recall improves with more practice. This is the list for the first time.

The list is then presented at about one word per 2 seconds, and the responses of the
subject are recorded by the examiner in the order they are recalled. After this, the
examiner says:
I am going to repeat the list for the second time. Do exactly as you did before. Say all the
words you can remember, in any order, and include those that you said for the first list.

The examiner says for subsequent rehearsals,
This is the list for the (third, fourth, fifth) time.

After the response to the fifth rehearsal, the examiner then says:
I am now going to give you a second list, but we only do this one once, to compare your score
with the score on the first rehearsal of the first list.

After recording the subject’s responses to the second list, the examiner says:
That was a distraction list, to stop you thinking about the first list. Now I want you to go back
to the first list, and tell me all the words you can still remember, without me saying them again.

After recording the subject’s responses, the examiner says:
Now, we leave that list, and come back to it after about 30 minutes, to see how much you have
remembered.

The delay is filled with the subject completing the Gestalt Closure Test, the Hand
Movement Test, the Visual Form Memory Test and the Stroop Colour/Word Test.
Remember that list you rehearsed five times for me. Tell me all the words you can still
remember.

After recording the responses, the examiner then says:
I am going to make it easier for you. I will say 50 words, one at a time. The list of 50 words
contains the 15 words of the first list, which you have just been trying to remember, the 15
words of the second list, which you only heard once, and 20 words which I am now saying for
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the first time. If I say a word that is unfamiliar to you, like “helicopter”, I want you to say,
“NO” – ‘no’ means, “I don’t remember hearing that word in either list”. However, if the word
sounds familiar, try to tell me which list you think it came from – “First list”, the list you
rehearsed five times, or “Second list”, the list you heard only once.

The examiner then presents the recognition list orally, recording the subject’s response
to each word as “blank (no), 1 (first list), 2 (second list)”. Following the Recognition
trial, the examiner then says:
Now, I am going to put these 15 cards on the table. You will recognise the word on each card
as coming from the first list. First of all, when I pick up a card, and say the word, I want you to
tell me whether you think it occurred in the top half of the list or the bottom half of the list. If
you think that is too difficult, we can make a third group of words that you think came about the
middle.

The examiner then picks up the words in random order, and forms two (or three)
groups. If there is a middle group, the examiner then uses those cards, encouraging the
subject to make a choice of top or bottom. Guessing is encouraged. When there are
two groups, the examiner then takes the “top group”, exposes all of the cards, and asks
the subject to indicate the words in their remembered order in the rehearsals. Then, the
examiner takes the “bottom group”, and suggests that the subject would rather order
these from the bottom up. When the temporal order has been completed, the examiner
records the sequential order of the words against the list on the answer sheet, and
completes a Spearman Rank Order Correlation [rho = 1- (6*ΣD2/3360)].
The computer scoring programme provided by Professor Geffen is used to determine
the scores on Total Learning and Retrieval Efficiency, while the Band Rating is
computed using a separate system developed by the author after S. Bowden.
The Block Counting Test - Administration
The subject is seated across the desk from the examiner. The book of test items (one to
each card) is placed between the subject and the examiner, and the first demonstration
item is exposed.
Here is a pile of blocks. All the blocks in this pile have the same shape and size. Because they
are all identical, we can estimate the number of blocks in the pile by allowing for blocks that
are hidden by blocks in front of, or on top of, the hidden blocks. In this item (exposing the
next demonstration card) we can see that there are four blocks, since the fourth block lies
under this block and behind that block. All of the items are like this, except that from pile to
pile, the size and shape of the identical blocks may change. For example, in this pile (exposing
the second demonstration item) the blocks have a different shape, but all are identical. How
many blocks are there in this pile?

The examiner confirms the correct answer, or explains what the correct answer is if the
subject errs. This procedure is followed for the next three demonstration items.
Following the demonstration items, the examiner continues:
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In the real test, I will use this stop watch to record the time you took. Speed is not important.
The time you take merely tells me which of the items you have found to be easy, and which are
hard for you. Please ignore the watch, and try to get the correct answer. Here is Item One.

The examiner records each answer as given by the subject, makes no further
corrections, and records the time taken for each of the 24 items. However, if the subject
makes 6 errors in any sequence of eight items, the examiner stops the test, and proceeds
to the next test.
Scoring is the number of correct items out of 24, and the average time for the first 16
items, and for all 24 items. The last eight items are invariably more difficult, especially
for the old-old subject, hence the termination rule.
The Visual Form Memory Test - Administration
TWO IMPORTANT FEATURES IN THE ADMINISTRATION:

1.
The strict adherence to the 5 second exposure of the model plate;
2.
The avoidance of feedback about the subject's performance to the subject during
the administration.
The 3 x 3 grid is placed before the subject within easy reach. The tiles are placed in two
rows of 5 tiles, face up, and between the examiner and the grid. It is important that each
tile be correctly oriented (top to top and bottom to bottom - see the correct orientation for
each below).
TOP

BOTTOM

The Plates are mounted in a loose-leaf folder so that each Plate may be exposed by
turning the page, and each page is sufficiently opaque so that the next Plate is not
conspicuous through the paper on which the Plate is printed. Also, the folder should
conceal the tiles from the subject's view during the exposure of each Plate. The Answer
Sheet is preferably placed on a flat surface, and in such a position that the subject cannot
observe the examiner's scoring of the response. I usually hold the book with the Plates
between the subject and the answer sheet while recording the response. I also use a red
ink pen when recording the responses on the answer sheet.
While the delivery of specific instructions is more scientific, I usually prefer to use a
conversational style. I state the instructions in general terms.
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"This is a test of visual memory. I am going to show you a card, like this, (expose Practice
Design) which may have one or more symbols on the grid. You are to study the model for 5
seconds, and I want you to remember where the tiles are placed on the grid. After 5 seconds
(remove Practice Design) I shall remove the Plate. I want you then to reproduce what you saw,
using these tiles (indicate the 10 tiles)".

The subject may reproduce the Practice Design, or the examiner may demonstrate the
placement. If the subject selects the correct tile, but places it incorrectly, or if the subject
chooses the incorrect tile, then repeat the demonstration.
If the subject does not grasp the idea, or if the subject has a significant hearing
impairment, or if the subject does not understand English, the process may be taught
easily by demonstration.
Expose Plate 1 for 5 seconds then remove and ask the subject to reproduce the pattern.
If the subject reproduces Plate 1 incorrectly, then the examiner may demonstrate the
correct placement, but THAT PLATE IS MARKED A FAILURE. However, the
subject's placement of each tile is recorded on the answer sheet, and scored as usual for
Positions (see instructions for scoring below). Offer no further help.
The remainder of the test may be completed without further comment and without further
help. However, I regularly use appropriate comments such as "good", "fine" or "not too
bad" so as to maintain interest and motivation. If the subject asks directly, "Did I get that
one right?", the examiner should remain non-committal and proceed to the next item.
The test is terminated after completion of all 14 plates, or after the subject records five
consecutive failures. A failure is counted whenever one or more tiles are misplaced,
whenever one or more incorrect tiles are used, or whenever one or more tiles are omitted.
The placement of a correct tile in a rotated orientation is not counted as a failure, but this
should be noted on the answer sheet as a rotation (R).
Recording the subject's responses:
If the subject places a tile in its correct position, I tick that square on the answer sheet (the
correct placements are indicated on the answer sheet). If the subject omits a tile for that
square, I place no mark against that square. If the subject places an incorrect tile on any
square, I record the coded letter for the tile chosen by the subject (in the blank if the
square is blank, or beside the one printed on the answer sheet if a different tile is correct
for that square). For example:
SUBJECT

EXAMINER
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Scoring the Test:
The Plates score is the total of Plates correctly reproduced (that is, NOT a failure), prior to
the sequence of 5 incorrect reproductions or after the completion Plate 14 (whichever is
first). Place this total on the line after the word "Plates".
The Positions score is the total of all correctly selected tiles which are placed correctly in
the grid, whether the whole plate was correct or incorrect. This total is recorded on the
line following "Pos".
An example of scoring a record for your guidance:

The Serial Reversals Test - Administration
The subject is given the test sheet, and the general format of instructions is thus:
This is a speed test. I want to see how quickly you can perform these simple tasks. The practice
items are at the top of the page, here. First, I want you to draw for me, as quickly as you can,
six Capital Bs across the page, one to each square (subject completes the task).
Now, I want you to draw that B back-to-front. Do six of those (subject completes the task).
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Next, draw me six capital Ys using two straight lines, no curves…. Now draw me that Y with
two straight lines, but upside down … . Subject does six items for each.
Now, I want you to alternate the B with the back-to-front B…. Now the Y alternating with the
upside-down Y. Subject does six items for each. After the practice items have been

completed, the examiner explains that the test is timed.
You will have 20 seconds for each item, to do as many of these letters as you can. When I say,
‘Start now’, commence writing the letters as quickly as you can. If you reach the end of the line
of squares before I say ‘Stop’, drop down to the next line of squares and keep writing. You may
drop down directly to the square below, and return from right to left, or go to the first square on
the left end of the next line, and write from left to right. Are you ready? Start now.

The same general instructions are given for each of the subsequent tasks.
The scoring consists of:

SRA - Sum of the squares for B and Y.
SRB - Sum of the squares reversed B and inverted Y.
SRC - Sum of the two alternating tasks.

The Visual Form Discrimination Test - Administration
The 16 Plates, and two demonstration Plates, were printed onto A4 size paper, as were
the 18 sheets of four alternatives for each Plate, and these mounted into a loose leaf
binder. This meant that the stimulus plate could be presented at a 45o angle to the table,
while the sheet of alternatives was flat, and covered by an opaque sheet. After exposing
the Plate for 10 seconds, the Plate was then covered by the opaque sheet, exposing the
four alternatives which were now closer to the subject, and flat on the table. After the
subject had identified the alternative, the examiner recorded the answer and proceeded
to the next Plate. If the subject made an error on the two demonstration items, the
examiner pointed out the error and indicated the correct alternative. There were no
further comments for performance on the test Plates. There are scores for Number
Correct, Peripheral Errors, Rotation Errors, and Major Distortions. In this study, only
the Number Correct was employed.
The Modified Compound Series Test - Administration
The test items had been modified by choosing 20 of the first 36 items such that a
slightly different strategy for solving the problem was needed for successive items. The
plates were reproduced in a smaller (C5) format, in black and white, with some
modification where the reproduction of colours was incomplete – hatched items being
employed in those circumstances. A reduced copy of one such plate is displayed below.
The instructions follow this general procedure.
Here is a string of beads. Your task is to study the string, determine the rules governing the
sequence of beads, and indicate the next two beads in the sequence. This is the first item.
Notice that the rule is simple, just repeat the same bead each time. The next bead will be
number 2, and the bead after that will be number 2 again.
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Notice that you may use the same bead twice in any of the sequences. Also, please note that, if
the bead you are seeking is not displayed in the box of alternatives, then you are looking for the
wrong bead. The correct bead will always be displayed.

(Note: the item reproduced above is not the demonstration item, but No. 16 of 20)
Now, we will begin the remainder of the items. I will use a stop watch to time your response,
but speed is not the important issue, accuracy of response is. The time merely indicates for me
which of the items gave you more trouble solving. Please ignore the stop watch while you are
working.

The examiner starts the stop watch as soon as the page is turned to the next item, and
records the time taken to complete that item. If the subject makes an error in solving the
item, the examiner indicates that the response is incorrect, demonstrates the correct
answer and articulates the rules needed to produce that answer, but still marks the
response as incorrect. This correction procedure is applied only for the first three
incorrect solutions. Thereafter, incorrect solutions are recorded without further
comment.
The score is the number of correct solutions.
The Spot-the-Word Test - Administration
The second form of this test was employed in all assessments. The two pages of the test
were placed on the table in front of the subjects, so that s/he could read the items. To
allow for the visual problems of the old-old subjects, or for subjects who may have a
form of dyslexia, the items were read aloud to every subject, and the choice recorded by
the examiner. No corrections were made for any error.
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Here are 60 pairs of words. In each pair of words, one of the words should be found in a
dictionary while the other word would not. One is a real word and one is a non-word. Your
task is to tell me which of the two is the real word.
You may find a number of pairs in which both words are unfamiliar to you. In that case, tell me
which of the two, in your opinion, could be the real word, or which word sounds like a real
word. You may have to guess your answer for quite a few words. For example, if I said, a pair
like this, globber – happy, you would tell me happy.

This is the procedure for the 60 items of the test, articulating each pair. The score is the
number of errors out of 60 items.
Other Instruments
The remainder of the tests used in the study were administered as detailed in the manual
for the test. However, for the Gestalt Closure Test, all of the 25 items were
administered, rather than shortening the test from the beginning.

